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PREFACE.

THE scheme of this little book is of the simplest. The greater

part of the text may be said to consist of a brief statement of

the principles which underlie the smokeless and economical

combustion of fuel
;
a description of the most recent practice

in burning fuel for commercial purposes ;
a rdsumd of a

number of complete trials recently carried out, with the object

of showing what are the best methods of dealing with coal

for the purpose of steam raising, in a manner which is econo-

mical and at the same time smokeless
; and, lastly, of a summary

of the law as it relates to the smoke question.

It is hoped that the information brought together in

these pages may be found useful to those who are particularly

interested in this question of a purer atmosphere in our towns,

as well as to steam users generally.

The author wishes to tender his acknowledgments for

much valuable help which he has obtained from Mr. Bryan
Donkin's valuable book on Boiler Tests; to Dr. Cohen and

Mr. F. Grover, of Leeds, for their assistance in providing

illustrations
;
and to the many engineers who have kindly lent

blocks for illustrations of their own particular machines.

W. C. P.

MANCHESTER, 1901.

196482
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INTRODUCTORY.

THE question of smoke prevention and abatement is not by

any means one that has been confined to comparatively recent

years. From the time when coal was first used in this country,

the evils attending the emission of the black smoke from its

combustion have been recognised, but have never been dealt

with by sufficiently strong means so as to bring about a lasting

remedy.

The black smoke in our atmosphere is entirely produced

by the combustion of coal, either in small domestic fires or in

the fires and furnaces devoted to commercial work. The exact

date of the introduction of coal to this country is somewhat

indefinite, but many authors give the ninth century as the

period when it ~was actually discovered in England, and Henry
III. is said to have granted the privilege of digging coal to

the men of Newcastle
;
but it was not until long afterwards,

in the sixteenth century, that coal was exported. It was about

this period that ships were first employed for the purpose of

bringing coals from Newcastle to London.

In these early days coal was spoken of as "stone coal,"

and we are told that a proclamation was issued in the time of

Edward I., and another in Elizabeth's reign, prohibiting the

use of stone coal during the time that Parliament was sitting,

for the reason that the health of the Knights of the Shire

might not sutler from this cause, while they were in London

attending to their parliamentary duties !
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Again, in 1648, the citizens of London petitioned Parliament

to prohibit the importation of coal from Newcastle, on account

of the harm that was being wrought upon the inhabitants of

London by its use. But the evil was not nipped in the bud

at this early period, and now, at the present time, we are

perfectly content to suffer the emission of what must be an

infinitely greater quantity of smoke into our atmosphere
without a murmur, or at any rate without taking any very

strong measures to abate it.

The subject was attacked in the time of the Stuarts. In

a pamphlet written by Evelyn, in the reign of Charles I., it

is said :

"
It is this horrid smoke which obscures our churches

and makes our palaces look old
;
which fouls our clothes and

corrupts the waters, so that the very rain and refreshing dews,

which fall in the several seasons, precipitate this impure vapour,

which, with its black and tenaceous quality, spots and con-

taminates whatsoever is exposed to it.

"It is this which scatters and strews about those black

and smutty atoms upon all things where it conies, insinuating

itself into our very secret cabinets and most precious reposi-

tories. Finally, it is this which diffuses and spreads a yellowness

upon our choicest pictures and hangings ;
which is like Avernus

to fowl, and kills our bees and flowers abroad, suffering nothing
in our gardens to bud, display themselves or ripen ;

so that our

anemones and many other choicest flowers will by no industry
be made to blow in London or the precincts of it, unless they
be raised on a hot bed, and governed with extraordinary artifice

to accelerate their springing, imparting a bitter and ungrateful
taste to those few wretched fruits which, never arriving at

their desired maturity, seem, like the apples of Sodom, to fall

even to dust when they are but touched."

These words of Evelyn, extracted from his Fwnifugina,
which was written more than two hundred years ago, very

graphically describe the conditions which exist in many cases
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in a more aggravated form at the present day. He was so

much impressed with the deleterious effects of the growing
evil that he went so far as to have a bill prepared for its

suppression.

The attempt at legislation made by Evelyn does not seem

to have been properly followed up, and it is not until 1819

that we again hear of any very definite statement on the

smoke question. In a report of a Select Committee of the

House of Commons we find these words :

" We confidently

hope the nuisance so universally and justly complained of

may at least be considerably diminished, if not altogether

removed ". Again, in 1820, the subject was still being followed

up, and in a report we find " that a full opportunity has been

afforded of ascertaining how far the reduction of smoke can

be practically effected, and that the evidence taken bears out

the practicability of smoke prevention ".

From the year 1820 to the present day various Acts have

been passed, or clauses of Acts, specially referring to smoke

abatement, have been enacted. But, in spite of all this, the

evil has been growing worse year by year, the law having to

a great extent failed to effect any real improvement. The

legal aspect of the case will be considered later, and for the

present it is sufficient that no one will deny for a moment

that the large quantities of smoke emitted from our house and

factory chimneys constitute a nuisance which it behoves all

classes of society to do their utmost to eliminate.

The evils of the pollution of the air by smoke are not

-difficult to appreciate. The real difficulty lies in bringing the

people who are responsible for the emission of black smoke to

so far recognise the extent to which they are doing harm as to

do their best to limit the output of smoke to the lowest possible

extent, compatible with the efficient and successful working of

their furnaces or fires. The production of black smoke may
be broadly divided into that emitted from the chimneys of
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house fires, and the smoke sent out from the chimneys of

factories and metallurgical furnaces. It is rather a disputed

point as to which is the greater sinner in this respect the house

fire or the commercial furnace, whether boiler or metallurgical.

It is really a question of simple arithmetic : where the district

considered is entirely residential, such smoke as is produced is

wholly that from house fires
;
and in the case of communities

entirely given up to manufactures, such as are to be found in

many parts of the North of England, the greater part of the

evil is due to the smoke emitted from furnace chimneys,

chiefly from steam boilers. It is the factory chimney smoke

that is the most easily seen, and therefore it is a common error

to blame the pollution of the atmosphere by smoke entirely

upon this. It is quite certain that a very large amount

is due to the multitude of individually small quantities of

smoke issuing from the chimneys of dwelling-houses.

The evil is most aggravated in a thickly populated neigh-

bourhood, having in its midst a large number of smoke-

producing factory chimneys; and the effect is worse for the

neighbourhood itself if the land is low-lying or is sheltered

by high hills, so that there is no possibility of the smoke

getting freely away, as would be the case if the town were in

an exposed and breezy situation. Such places are to be found

in the lower parts of towns like Sheffield and Leeds. Of course

it must be remembered that when the smoke-laden atmosphere
is dispersed, the smoke will be deposited over a larger area

instead of falling near the place where it has been produced,
the evil being still there, but in a more diluted and widely
distributed form.

EVILS RESULTING FROM A SMOKY ATMOSPHERE.

The gases issuing from a chimney consist, firstly, of an

invisible portion made up for the most part of innocuous gases
which exist in the atmosphere in such minute quantities as
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to be capable of doing no material harm. This is true for the

gases from fires, and does not refer to the fumes from the

chimneys of chemical works, which are capable of doing a

great amount of damage. Besides the invisible portion of

the gas, there is the visible portion, consisting for the most

part of minute particles of carbon, which is not entirely pure,

but contains a certain amount of sticky, tarry matter. The

smoke, after issuing from the chimney, becomes dispersed in

the air to a height of some hundreds of feet above the ground.

This widely distributed smoke gradually settles, clinging to

anything that presents itself. The ground, the walls and roofs

of buildings, the trunks, branches and leaves of trees and

shrubs, the exposed parts of the person and the clothing, all

come in for a share of the all-enveloping cloud. Where the

surfaces are smooth and exposed to the washing action of

the rain, as in the case of roofs of buildings, very little of the

dry carbon itself remains, but only the more sticky substances,

which cannot so easily be washed off. Rougher surfaces, such

as stone walls, and especially trees and shrubs, retain the black

dirt far more readily, and become permanently coated with a

sticky, sooty film.

From an aesthetic point of view the effect of smoke is

as bad as it can be. In our large manufacturing towns,

where the atmosphere is very heavily laden with soot, all

the stone buildings become, in a very short time, nearly black,

the stone presenting a more retentive surface than the smoother

brick though the brick buildings do eventually become

coated in much the same way. Those who know the Leeds

Town Hall, one of the finest buildings in the country, cannot

fail to appreciate the terribly disfiguring effects of exposure

for a few years to an atmosphere heavily laden with black

smoke
; or, remembering what the Manchester Town Hall was

like in its early days, and looking at it now, one feels that

this disfigurement of public and private buildings, though only



XIV INTEODUCTOEY.

one of the lesser evils of black smoke, is sufficient reason for

the most vigorous crusade against those who, by their negli-

gence or obstinacy, contribute to the pollution of our atmo-

sphere.

The disfigurement of buildings is, perhaps, less objectionable

than the coating of black which settles on all the vegetation
in a district pervaded by smoke, for, besides the dulness

imparted to the colours of the plants and trees by the layer

of soot, the blackness of the trunks and branches of the trees,

and the unpleasantness in touching, or allowing portions of

one's clothing to touch these, there can be little doubt that

the vigorous growth of a plant is, to a large extent, interfered

with by the presence of a film of an oily substance on the

surface of the leaves. At the same time, much of the un-

healthiness of plants attributed to smoke is very likely due,

not so much to this, as to the presence in the atmosphere of

deleterious acids, which are formed along with the smoke : the

breathing pores of a plant are on the under side of the leaves,

and it is on the upper surface that the greatest deposit of

soot takes place, though some small quantity also clings to the

under side.

The atmosphere is what we breathe, and upon it we depend
for our very existence, and it is therefore necessary that we
should be as careful that we breathe pure air as we are that

the water which we drink is without contamination. Life

in a smoky and crowded town is not, and cannot be, so healthy

as a life which is spent in a pure atmosphere, free from the

contaminating effects of smoke and its accompanying products.

It is well known that the urban population is tending to

deteriorate, and is only kept up to a reasonable standard by
the continuous influx of workers from the country districts, the

tendency being for people to crowd to the towns for work and

higher wages. The town population is increasing rapidly year

by year, and there is a corresponding decrease continually
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taking place in the number of inhabitants in the country

districts. Though in many directions the conditions of town

living are being improved greater attention is being paid to

sanitation, the dwellings of the working class are on the whole

improving, . and the public authorities are waking up to the

necessity for plenty of open spaces still the two facts remain,

that the population in the smoky areas is very much on the

increase, and that the atmosphere in these areas does not, to

say the best of it, improve.

Dr. A. Ransome has stated definitely that the existence

of a smoky atmosphere has an undoubted influence in increas-

ing mortality. This is a statement well worth consideration,

coming as it does from an eminent authority on the question

of Public Health. Dr. Ransome also insists very strongly that

one effect of a smoky atmosphere, even worse than that of

breathing the vitiated air, is to be found in the indirect effect of

the dirtiness of the air, in causing people to keep their windows

shut in towns, and so breathe the even more vitiated atmo-

sphere within. It has for some time been recognised that one

of the conditions most favourable to consumption is to be found

in defective ventilation.

Another effect of a smoky atmosphere, and one often lost

sight of, is the effect that the presence of soot in the air has

in shutting off' and obscuring the sunlight, which is so impor-

tant to healthy life. This may easily be noticed on going into

a large town by train from a clear country atmosphere. As

the town is approached the sunlight gets less intense, and often

in the winter months it is found to be nearly dark when the

centre of the town is reached. This is always so to some

extent, the only variation being one of degree.

A striking illustration of this is to be found by going into

the centre of a large manufacturing town on a Sunday, when

the factories and workshops are closed, and there are fewer

house fires burning. One notices at once how very much
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brighter everything looks than on a working day, and this

difference is chiefly due to the clearer atmosphere overhead.

Many other instances might be quoted of the deleterious

effects of a smoky atmosphere, such as the blackness and dirti-

ness of birds which ought to be white, as hens, pigeons and

ducks
;
the frequency with which white curtains have to be

washed in the neighbourhood of manufacturing towns, where

they only last days, when they would remain clean the same

number of weeks or months in the country, away from the

smoke
;
and the trouble we have in keeping our linen, books

and furniture clean.

INFLUENCE OF SMOKE ON FOGS.

There is little doubt that the presence of smoke in the

atmosphere assists very largely in the formation of fogs. The

smoke in the air becomes generally diffused, so that the whole

volume of the atmosphere gets to consist of pure air through-

out which are numberless small particles of carbon, each one

of which may serve as the nucleus of a foggy globule. In

certain states of the atmosphere as to dryness, pressure, tem-

perature and stillness, the aqueous vapour becomes partially

condensed, it being generally supposed that each carbon or

dust particle acts as a nucleus around which collects a small

globule of moisture, the summation of these making up the

yellow fog with which our largest towns are so greatly op-

pressed during each winter. A reduction of the number of

smoky particles in the air might be expected to reduce the

density and dirtiness of our fogs, if not to do away with them

altogether. Fogs are not confined to towns, but the fog of the

country is a white innocuous mist, which may be unpleasant

in some ways, but it never assumes the density of the real

town fog, nor does it soil the linen, nor make the eyes smart

and clog the lungs of all persons exposed to its effects.

It is stated that there are about fifty tons of soot and
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two hundred and fifty tons of carbon dioxdide in the atmosphere

immediately above London, and this in spite of the fact that

the means taken for the prevention of the emission of black

smoke are much more definite, and the laws relating to smoke

are much more stringently enforced, than in other cities and

towns in the country. No doubt the smaller industrial fires

and the domestic fires are to some degree responsible for any
smokiness which is found in the neighbourhood of London.

But, although many people are fond of insisting that the smoke

evil is due to house fires to a greater extent than to factory

furnaces, the fact remains that in places like the West End of

London, Edinburgh, and other large towns where industrial

operations are few, the atmosphere is without a doubt purer

in every way ; buildings are cleaner, trees and plants flourish,

and the appearance of everything is brighter than in any town

where there are a number of factory chimneys pouring out

smoke and sulphurous gases.

Some interesting and valuable results were obtained a few

years ago by Dr. Cohen, of the Yorkshire College, Leeds, in

connection with the quantity of smoke to be found in Leeds,

one of the smokiest of cities. These results were published by
him in pamphlet form in 1896

;
and I here desire to acknow-

ledge rny indebtedness to Dr. Cohen for much information

and many valuable hints.

Dr. Cohen found that in every 100 cubic feet of Leeds air

there were about T2 milligramme of soot. This he did both

by estimation from the amount of coal burnt per day in Leeds,

and also by the more direct method of collecting known

volumes of the air, separating the soot, and weighing it. He
estimated the amount of coal burnt per day in Leeds as

4,000 tons, and, of this, that one half per cent, escapes into

the atmosphere as soot. This gives about twenty tons of

solid smoke sent into the atmosphere, and of this, Dr.

Cohen found by weighing the soot collected from melted
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snow, that "half a ton falls on the immediate area, and of

this twenty to twenty-five pounds sticks, or is not removable

by rain ".

After glancing at the above facts and figures it should be

clear that the smoke evil is not an imaginary one, and that

much real harm is being done by the emission of black smoke

from the chimneys in our towns. That the production of

smoke in objectionable quantities is preventable is recognised

by most competent authorities on the subject. In the following

pages the writer wishes to explain what are the methods

which have been adopted, and which have been found to be

the most satisfactory, both from the point of view of the

general public who suffer from the emission of smoke, and

from that of the person who uses the fuel for his own benefit,

and is therefore responsible to the public, and is the proper

person to take any measures for improving the chimney

gases.

As science progresses, the whole system by which we

utilise our fuel for light and power will in all probability

undergo a complete revolution, and much of the smoke

difficulty will be automatically solved. But at the present

time the individual is allowed too much liberty as regards

what he puts into the rivers and into the atmosphere. There

are certainly laws to deal with the offenders, but the legal

machinery, as it at present exists, is too cumbersome to be

capable of producing any far-reaching improvement. An in-

dividual who is one of a community of many must be made

to recognise that he must not do that which will produce ill

effects on the health and comfort of the community of which

he is a unit. Until this is recognised by the individual

himself, and by the controlling authorities, to be as applicable

to air pollution as to other nuisances, the smoke difficulty will

not be overcome.
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THE WASTE OF FUEL.

The subject of smoke prevention admits of wider treatment

than is usually accorded to it. The whole question of the

combustion of coal is one of national importance, and is in-

evitably linked with that of smoke prevention. Not that it

must be supposed for one moment that a smokeless fire is

necessarily an economical fire
;
in many cases a fire may be

perfectly smokeless and yet may be the cause of a great waste

of heat. Still, on the other hand, a fire may easily be smoke-

less and efficient
;
in fact some of the causes of smokeless firing

are also the causes of perfect combustion if not carried beyond
their proper limits. Perfect combustion is smokeless com-

bustion.

There is only a certain quantity of coal in the world.

What that quantity is no one knows precisely, but geologists

are able to form very reasonable estimates as to this amount

in given districts
;
and it is considered, in this country at any

rate, that, assuming the output of coal to go on increasing at

the same rate as heretofore, the supply will be exhausted in a

little over a century. This estimate is probably too short by

many years, because there are limits beyond which this output

cannot extend under ordinary circumstances. The limits which

are imposed are the natural limits to the growth of the popu-

lation and the opening up of coalfields abroad, which will

tend after a time to put a restriction on the quantity of coal

exported, thus leaving more for home consumption. However,
there can be little reasonable doubt that the exhaustion of the

supply is within sight, and it therefore behoves all users of

coal to limit the amount consumed as far as possible, by making
use of every possible unit of heat which is given out by the

combustion of the coal, and to indulge in no cause of waste

that can by any possibility be avoided. Some heat must of

necessity be thrown away, but the tendency of all modern
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furnaces is to reduce this waste to the very smallest propor-

tions by burning the coal in a more perfect manner. In the

furnaces which are most economical the combustion is in many
cases almost smokeless, and in this way smokelessness is

coincident with economy under the best conditions.
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FUELS AND COMBUSTION: THE CHEMICAL ACTIONS INVOLVED.

IN reviewing the causes which contribute to the presence of

smoke in the atmospheres of our towns, it is easy to divide

these into three classes, as follows :

1. Domestic fires.

2. Boiler fires used for the raising of steam.

3. Other furnaces used for industrial purposes, such as

metallurgical furnaces, fires for evaporating pans in

chemical works, the fires used by brewers, and many
others of similar kind.

Of these, although house fires are responsible for a great

deal of the smoke produced, it is the factory furnaces which are

most to blame, because they individually produce far more

smoke than do the smaller fires which are used in houses, the

issuing of smoke from their chimneys is more easily observ-

able, and there are other ways more definite in which the

combustion in these may be improved.

At the same time it will be well to look at the question of

combustion of coal in domestic fires, and to see in what direc-

tions attempts have been made at improvement, and what are

the possibilities for the future.

It is held by some that the evil caused by the emission of

smoke from house fires is far greater than that due to boiler

furnaces. The writer does not altogether agree with this

opinion, because so much depends on the relative number of
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house fires to mill fires, the natural features of the locality

in question, and many other minor points which make it

impossible to make any definite statement on the matter. At
the same time a great deal of the smoke with which we are

troubled in our towns is undoubtedly caused by small domestic

fires. One thing that makes house fires specially unpleasant
in their effects is that the chimneys from which their smoke

issues are as a rule on a lower level than are mill chimneys,
and there is, consequently, less general diffusion, and the smoke

comes back to us at once, often in the form of large smuts.

It is also considered that the smoke given off from house fires

is more harmful in its nature, being more sticky, and contain-

ing a larger amount of sulphurous acid.

With very few exceptions ordinary house fires are of the

open-grate type, at any rate in Britain. The reason for this

is not far to seek. We Britons like to see the open, free com-

bustion, with its accompaniment of glowing coke and blaze,

and we have an instinctive repugnance to anything approach-

ing a closed stove, though the combustion may be more perfect

and more heat given out. We prefer to see the fire rather

than to benefit by the warming of air in a rational manner,

and are quite content to allow the greater proportion of the

heat to be taken up the chimney and wasted, rather than

adopt means whereby more of this heat could be made use of

and only half as much coal burnt. The heating of a room by
means of an open fire is effected almost entirely by radiation,

and very little use is made of the heating of the air by con-

duction and convection.

In the Galton chamber system much heat that would

otherwise be lost is recovered by allowing the air which is

admitted to ventilate the room to pass through chambers

placed behind or at the sides of the fire. The air thus ad-

mitted becomes heated and is allowed to pass into the room,

in this way carrying back to the room much of the heat that
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would otherwise be lost. There is a great deal of scope for

improvement in the economy of the heat given out by the

fuel on open house fires, but we cannot expect much to be

done in this direction until the public can be persuaded to look

upon the matter in an unbiassed spirit.

The whole subject of heating and ventilation is a difficult

one, and is really very little understood by those responsible

for it. But any fires which have been introduced for the pur-

pose of economising the heat are not necessarily smokeless,

and very little has been done to construct an open fire which

FIG. 1. Marsh grate.

s at the same time smokeless. Two grates of this kind may
be mentioned, but they have not been generally adopted.

These, however, serve to show in what directions improvements

must be made to effect the desired result.

In the Marsh grate, of which a section is shown in Fig. 1,

the principle is the same as that adopted in some boiler

furnaces to be afterwards described. The coal is fed in from

above, through an opening which can be closed by a door.

The air for combustion passes in from the front in a sloping

downward direction, through inclined firebars or louvres, as
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shown. This air, before it can leave the fire, is constrained by
a baffle plate to pass downwards through the incandescent

fuel at the bottom of the grate, from whence it passes to the

chimney. The louvres are made adjustable, so that the air

supply can be regulated. This form of grate is specially ap-

plicable to cooking ranges, the fire as seen through the louvres

being incandescent, so that it can be used for toasting and

the roasting of meat.

In the Arnott grate, for room fires only, the supply of coal

necessary for all the time during which the fire is expected to

burn, is put into the grate at the commencement of the day.

The lower part of the grate is a closed box containing the coal,

which burns at the top only, so that any volatile products

given off' from the fresh coal must pass through the incan-

descent zone and become thoroughly burnt. The upper part,

where the burning takes place, is fronted by bars in the

ordinary way. As the coal burns away, the bottom of the

box is raised by a screw arrangement, and the fuel in this way

pushed up. This grate is said to be quite smokeless, but

suffers from the disadvantage of the difficulty in gauging the

right quantity of coal to be put into the box when the fire

is lighted.

The real solution of the matter with regard to house fires,

both for heating and cooking, is to be found in gas fires.

Though these are greatly on the increase, their adoption can-

not be general until a cheaper kind of gas is supplied by the

local authorities.

Of the two classes of industrial furnaces, those of steam

boilers very much exceed the others in numbers, and it will be

best to confine the discussion to these.

The fuel consumed in boiler furnaces is, in almost all cases,

obtained from coal, which is either burnt direct on the boiler

furnace, or volatilised, and the gas so produced burnt in the
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place of the coal itself. And in some few cases the gaseous

fuel is obtained from the coal, but as a by-product of some

special process, such as the making of coke.

Where the fuel is gaseous, however produced, the combus-

tion is almost always free from smoke, and therefore need

not be considered in any detail.

The question, therefore, becomes narrowed down to the

combustion of coal in the furnaces of boilers, and, in this con-

nection, it is necessary to bear in mind that economy must

not be lost sight of when considering the question from the

point of view of the smoke.

CHEMICAL ACTIONS TAKING PLACE DURING COMBUSTION.

In order to more fully comprehend what takes place dur-

ing the process of combustion in a boiler or other furnace, the

following brief summary of the needful chemical facts will

be helpful.

All fuels, whether solid like coal, liquid as petroleum, or

gaseous, are, chemically speaking, compound substances, made

up of certain proportions of the simpler substances or elements.

Coal, for instance, is a complex substance, consisting of the

elements hydrogen and oxygen, which exist separately under

ordinary conditions as gases ; carbon, which is a solid
;

sulphur, nitrogen and ash. These exist in the coal in various

quantities, according to its age and origin. But, in complex
substances such as coal, the elementary substances first com-

bine to form what are called compounds, in which the elements

always exist in the same unvarying proportions. The smallest

particle of a compound substance which can have separate

existence is called a molecule, this molecule being made up of

atoms of the various substances forming the compound.

This will be best made clear by the consideration of a con-

crete example. Take the case of the formation of water, by
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the combination of hydrogen and oxygen. If there are 18

pounds of water, there will be 16 pounds of oxygen and 2

pounds of hydrogen ;
and the gases always combine in exactly

this same ratio, which is fixed and invariable. The atomic

weight of hydrogen is said to be 1, and that of oxygen 16.

Each element has its own atomic weight. This atomic weight

is a relative quantity, and denotes the proportion in which this

element exists in a compound, or the multiple of such propor-

tion. Thus, in the case of water, two molecules, that is, two

volumes, of hydrogen combine with one molecule, that is one

volume, of oxygen to form two volumes of water in the form of

steam. The molecular weight of hydrogen is said to be 2, the

molecule of hydrogen being the smallest particle which can

exist as hydrogen ; similarly, the molecular weight of oxygen
is 32, or the weight of two atoms.

The process of the combination is thus expressed :

(Hydrogen) combines with (Oxygen) to form (Steam)
2H +0 2H2

(2 Volumes) (1 Volume) (2 Volumes)
2x2 + 32 = 2 x 18.

One molecule of water is made up of two atoms of hydrogen
and one atom of oxygen, and the symbolic expression for water

is H
2
O. The same reasoning applies to the other combina-

tions occurring in the combustion of fuel. In coal the prin-

cipal cases are those of the combination of the hydrogen in the

coal with the oxygen of the air, to form water
;
the formation

of carbon dioxide or carbonic acid by the combination of the

carbon with the oxygen ;
and the incomplete combustion of

the carbon, forming carbonic oxide or carbon monoxide
; and,

lastly, the burning of this carbon monoxide, by taking up
another atom of oxygen so as to form carbon dioxide. There

is also the combustion of the sulphur in the coal so as to

form sulphur dioxide (SO2),
but this is generally neglected.

Coke, which is sometimes used for raising steam, is almost
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entirely composed of carbon and contains very little gaseous

matter. The reactions which take place in the case of the

combustion of oils and producer and coke-oven gases are

more complex.

The following figures will be found useful :

TABLE I. ATOMIC AND MOLECULAR WEIGHTS.

Name of Substance.
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And as the weights of equal volumes of nitrogen and

oxygen are as 14 to 16, the proportions by weight are ap-

proximately 23 to 77.

That is to say, in the air there is a percentage, by weight,

of oxygen of 23, and, as one pound of carbon requires for its

complete combustion 2'66 pounds of oxygen, this will be equi-

valent to saying that one pound of carbon requires for its

100
complete combustion 2'66 x "90"

== 11*56 pounds of air.

Similarly, one pound of hydrogen requires 36*6 pounds of

air. The quantity of air required per pound of a fuel

containing hydrogen and carbon is given by the following

formula. Here H represents the fraction of a pound of

hydrogen contained in one pound of the fuel
;
C represents the

same value for the carbon in the fuel, and the O is for the

oxygen in the fuel itself. These values of H, C, and O must

be obtained by means of a chemical analysis of the coal. Then

the number of pounds of air required, A, is given by

A = 11-56 C + 36 /H - -J-

Here it will be seen that one-eighth the weight of oxygen
in the fuel, representing its equivalent weight of hydrogen, is

subtracted from the hydrogen. There is some divergence of

opinion as to how this combined oxygen should be dealt with,

but although dissociation of the hydrogen and oxygen takes

place at very high temperatures, recombination may be expected

to take place at the lower temperatures found in the further

parts of the boiler flues, so that all the hydrogen will take up
its proper amount of oxygen, and it does not matter whether

this is free or combined. We may therefore assume the above

formula to be approximately correct for combustion in boiler

furnaces. It is often used as follows :

A = 120 + 36

The different kinds of coal used vary very much in their
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smoke-producing capacity. For instance, the anthracite coal

of Wales is very nearly smokeless, even when burned without

any special means being adopted for the purpose of preventing

the emission of smoke. On the other hand, the coal known as

the
"
Wigan four-foot seam

"
contains a large amount of volatile

matter, and is very smoky in its combustion. The coals

which are used for the production of illuminating gas contain

an even greater amount of volatile matter. The coke which is

left after the distillation of the gaseous matters from a coal is

practically all carbon, and burns with a total absence of smoke.

The precise analysis of the several kinds of coal used are

given in the following table. Only the constituents with

which we are particularly concerned, that is, the hydrogen,

carbon and oxygen, are mentioned, the quantity of sulphur

being small and quite negligible as a heat-giving combustible.

The actual percentage of sulphur varies from 075 to T50 per

cent.

TABLE II. COMPOSITION OF COAL AND COKE.

Kind of Fuel.
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The quality of each coal as regards its smoke-producing

properties is given in the last column. Of course it must be

understood that these are only average values, and must not

be taken as absolute, especially as regards the coke, of which

there are many varieties.

TABLE III. COMPOSITION OF OTHER FUELS (SOLID AND
LIQUID).

Kind of Fuel.
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The gaseous fuels, that is to say, the gases containing

high percentages of carbonic oxide and low percentages of

hydrogen, are smokeless.

COMBUSTION OF COAL IN BOILER FURNACES.

The chief constituents of coal, so far as heat-giving pro-

perties are concerned, are, as we have seen, hydrogen, carbon

and sulphur. Of these the sulphur only occurs in small

quantities, and has a low heat-giving value, so that it is

neglected in comparison with the other constituents. During
the process of combustion the hydrogen of the coal combines

with the oxygen of the air to form steam, and heat is given
out in the process ;

the carbon also combines with the oxygen
to form carbon dioxide or carbonic acid (CO.,) when the air

supply is plentiful and complete combustion takes place ;
but

with an insufficient air supply only partial combustion takes

place, and carbonic oxide (CO) is formed, with the generation

of a much smaller quantity of heat. It is therefore important

that, irrespective of any other considerations, the carbon in

the fuel should be burnt so as to produce CO9 ,
and not CO,

the production of the latter being necessarily accompanied by
a distinct loss of heat that would otherwise have been evolved.

What actually takes place when coal is burnt 011 a boiler

furnace is not easy to define in a few words. The process of

the combustion of coal is a very complex one, and depends to

a great extent on the external circumstances accompanying
the combustion. When firing takes place, that is, when a fresh

supply of coal is thrown on the fire, the fire generally consists

of a layer of fuel more or less completely incandescent, this

being the carbon of the coal in the form of coke.

On the new supply of coal being placed upon this glowing
mass of fuel, the heat of the latter causes the release of the

gaseous constituents of the coal, the hydrocarbons are driven
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off, and burn above the tire with luminous flames. These

gases consist of combinations of the hydrogen in the coal with

some of the carbon, which go to make up those hydrocarbons

which form a large part of illuminating coal gas. Just as heat

is absorbed during the process of the generation of steam from

water, so, when the gases are driven off from the coal, we

have simply a process of evaporation, and heat is consequently

absorbed during the process, and a cooling of the furnace is

the result. A high temperature is necessary, as otherwise the

carbon and hydrogen will not combine with the oxygen of

the air.

If the temperature of the furnace is sufficiently high and

the air supply ample the hydrocarbon gases will burn above

the furnace with a heat-giving flame, steam and carbon dioxide

being formed. If these two conditions are lacking, the result

will be the formation of smoke. This is a most important

point to be noted in connection with smoke production, and

will be referred to later more in detail.

The combustion can then be divided into two stages the

volatilisation and combustion of the hydrocarbons, and, secondly,

the combustion of the remaining carbon. The carbon may be

completely burnt to C0
2 ,
or only partially to CO. Most of the

air which is used for the combustion of the carbon in this

second stage is that which is allowed to pass upward between

the furnace bars. If the air supply is ample, then the carbon

will be completely burnt to CO.,, which will pass away from

the top of the fire to the flues and thence to the chimney. If

the air supply from below is insufficient, the carbon will only

combine to form CO, which will appear at the top of the fire,

and if there is a sufficient supply of air there, the CO will burn.

The flame of CO is readily distinguished by its violet-blue

tint. If the conditions necessary for the proper combustion

of the CO are absent, then the gas will pass off as CO, and

will result in a corresponding loss of heat. The actual inter-
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changes which take place between the carbon and the oxygen
are not very clearly understood, and it is held by some

authorities that CO
2

is formed first, and takes up a further

quantity of carbon as it passes over or through the incandescent

fuel, and in this way the CO is formed. This, however, does

not greatly matter so far as the present argument is concerned,

the main point being that with a sufficient air supply CO2
is

formed, which means that the carbon is perfectly consumed,

and that with an insufficient air supply CO will be produced

with a corresponding loss of heat and boiler efficiency.

FORMATION OF SMOKE.

The formation or non-formation of smoke is a matter of

air supply and temperature. This much may be taken as

certain, although the details of the various processes are not yet

clearly determined. The formation of smoke occurs during the

volatilisation of the hydrocarbon gases. As these come off

from the coal, if the air supply is sufficient and at the same

time the surrounding temperature is high enough to allow of

combustion taking place, the gases will turn with a bright

flame, steam and carbon dioxide being formed in the process.

If, however, the air supply is deficient, or, the air being

plentiful, the flames penetrate to portions of the flues which

are below the necessary temperature, a recondensation of the

gases takes place, and the carbon becomes separated out in

a finely divided condition and smoke is formed. Another

reason given for the formation of smoke in some cases is that

the high temperature of the furnace causes a dissociation of

the constituents of the hydrocarbons, which, if the supply

of oxygen is deficient, results in unburnt hydrogen and un-

consumed carbon in the form of smoke. If the air supply is

ample when this takes place the hydrogen and the carbon will

be burnt and no smoke result. The formation of smoke caused
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by an insufficient air supply is seen in the case of an oil lamp
without a chimney. If the wick is turned up a little too high,

the natural air supply is not sufficient to maintain perfect

combustion, but if now a glass chimney be placed on the lamp,

an induced draught will be produced, more oxygen will reach

the flame, and clear and smokeless combustion will result.

Some of the finely divided carbon forming the soot

probably comes off from the coal direct without being first

combined with the hydrogen. This point is, however, some-

what obscure, and in the present state of our knowledge on

the subject no definite opinion can be expressed.

SATISFACTORY COMBUSTION IN BOILER FURNACES.

In order that the combustion of the fuel in a boiler furnace

may be perfectly satisfactory, from the point of view of the

owner and that of the outside public, the combustion must

be both economical and smokeless. These two conditions are

not necessarily co-existent. A furnace may be highly econo-

mical, regarding the economy from all points of view, and at

the same time may be periodically sending forth a quantity of

unburnt carbon in the form of smoke
;
or a chimney may be

almost perfectly smokeless, and, at the same time, be working
in a very wasteful manner. It must not be supposed that

these two conditions are necessarily opposed to one another,

but in some cases they may be, and it is necessary to be

careful in discriminating between smokelessness and economy.
The principal conditions which affect these two are as

follows :

1. The presence of smoke in the gases escaping from a

boiler flue is in most cases due to an insufficient air

supply either in the neighbourhood of the fire door

and above the fuel or at the back of the furnace

near the bridge, or to partially burnt gases coming
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in contact with the cooling surfaces provided by the

boiler plates next the water.

2. Economical combustion may be interfered with, to a small

extent only, by the amount of carbon carried away as

smoke and by a deposit of carbon on the flue plates,

which interferes with the proper transmission of heat

through the plates. The chief source of loss of

economy in the combustion of the coal is due to a too

liberal air supply, which, besides the excess oxygen

present, contains much inert nitrogen, which takes

up heat, and carries it away up the chimney to waste.

A too small air supply results in the formation of a

quantity of CO, and the carbon burnt in producing it

is only partially consumed, and yields only rather less

than one-third the heat that ought to be evolved -in

its complete combustion. Great care is therefore

necessary in arranging the air supply so as to give

the maximum economy in the combustion, combined

with a smokeless chimney. Besides serving as a

carrier of heat to waste, the excess air has a cooling

effect on the flues.

If it is important that the air supply should be carefully

regulated as to quantity, so also the time of admission should

be attended to. After firing the maximum quantity of oxy-

gen is required for several minutes, until the whole of the

hydrocarbons have been driven off and consumed
;
after this

time the supply should be much reduced. An excessive supply

of air after the hydrocarbons have been driven off is not

needed, and is a source of waste. During the gasification

period, or that immediately after firing, air should be supplied

not only underneath and over the bars, but also at or near

the bridge, so as to completely consume the hydrocarbon

gases.
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EFFECT OF AIR SUPPLY ON ECONOMY AND SMOKE.

It has been said that the presence of, or freedom from

smoke in a boiler depends, more than upon anything else,

on the quantity of air supplied to the furnace, the time at

which this supply is admitted, and the place of admission, that

is, whether the air is allowed to pass into the furnace above

the fire bars, below them, or both above and below at the same

time.

But not only is the smoke affected by the air supply ;
the

economical working of the boiler depends to a great extent on

this also. From the figures given in Table III. above, it will

be seen that the number of pounds of air required per pound
of coal is somewhere in the neighbourhood of 12, and does

not vary greatly from this figure. An average value for the

minimum weight of air per pound of coal may be taken as 11/5

pounds. This quantity is only that required under the most

favourable conditions, that is, when every particle of the oxygen
of the air supplied is completely consumed, and there is no

waste oxygen carrying heat away. These conditions are not

possible of attainment in ordinary boiler furnaces, as it is not

practicable to bring all the oxygen intimately in contact with

the burning fuel so that it may be used. Perhaps the nearest

approach to this ideal condition is to be found in the case of

powdered fuel combustion. Here the coal is reduced to an

impalpable powder and is floated into the furnace, each particle

surrounded by its own necessary quantity of air. In this form

of combustion there is very little excess air required, and the

loss of'economy from this cause is much reduced.

But when the fuel is burned in lumps, though possibly

these may be small, it is not possible to avoid the admission

of a considerable excess of air.

If the air supply is deficient, either in the general supply

or the quantity admitted to some important point of the
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furnace, the carbon does not take up its proper amount of

oxygen, and carbon monoxide is formed instead of carbon

dioxide. One pound of carbon, if completely burned to CO
2 ,

gives out by its combustion about 14,500 heat units, whereas

if partially burned, to CO, the heat yielded is only 4,500

heat units. It is therefore obvious that for every pound of

carbon burned to CO instead of to CO
2
there is a loss of heat

equal to about 10.000 heat units. For this reason alone it is

obviously necessary for economy that the carbon be fully burnt.

This carbon may be the free carbon in the incandescent

fuel left after the hydrocarbons have been driven off, or it

may be combined carbon in the gases. If the former, the CO

goes off as a totally invisible gas. and if the latter, the imperfect

combustion may be accompanied by the evolution of smoke.

In either case the remedy is more air, and consequently more

oxygen.

The problem with which the owners of boilers are con-

fronted is not altogether a simple one, for if the air supply

is deficient, CO is formed in place of CO
2 ,
and a consequent

waste of heat takes place, and this may be accompanied by
the formation of smoke

;
whereas if too much air is ad-

mitted to the furnace, there is again a loss resulting from

the excess oxygen and nitrogen taking up heat and carrying it

away from the boiler. There is a point where one loss ends

and the other begins as the air supply is increased, and in

order to obtain the most economical results with freedom from

smoke, this point must be found. There is the further question

as to how far it is allowable to permit a large excess of air in

order to force the boiler, and so get a greater total evaporation

from a given boiler, but that point need not be considered at

present.

The best indication of the quantity of air being used per

pound of coal is that given by an analysis of the gases coming

away from the furnace. This is not difficult to obtain, samples
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of the gases being collected at suitable places in the flues, and

the analysis made by means of one of the many forms of

rough apparatus used for the purpose.

On analysing the products of combustion, they will be found

to consist of the followimg constituent gases :

Carbon dioxide, or carbonic acid gas (CO.2 ), from the carbon

of the coal and the oxygen of the atmosphere. There

is found to be 17 to 5 per cent, of this gas present.

These are extreme figures, the more usual ones being

from 12 to 7 per cent.

Free Oxygen (O). There is usually from 12 to 4 per cent,

of this pfas.&

Carbon monoxide, or carbonic oxide (CO). From 2 '5 per

cent, to none. In very many boilers, working fairly

economically, the quantity of this gas which can be

detected by the usual means is nil.

Unburnt Hydrocarbons. These are small in quantity and

not found by the ordinary analysis, but they often

exist and must be a source of loss.

The last gas in the flue gases is nitrogen (N), which is

found by difference, that is to say, all the others are

found directly, and the sum total of these subtracted

from 100, and the remainder assumed to consist wholly

of nitrogen. Usually there is about 80 per cent, of

this gas present.

It is clear, then, that any excess of air in the flue gases

results in heat being carried away to the chimney and so

wasted
; and, on the other hand, a deficiency in the air supply

is the cause of a loss on account of the fuel being incompletely

burnt and the escape of the carbon monoxide without being

burnt.

It is possible to estimate the actual amount of both these

losses from an analysis of the flue gases. Of course the quan-

tity of excess air could be found by measuring the volume of
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air passing into the furnace, but this is not very often done,

it being found much more convenient to analyse the escaping

gases and estimate the quantity of air in that way.
This estimation is necessarily approximate, but the results

are quite near enough to the truth for the purposes for which

they are required. Without going into details it will be suffi-

cient to quote the following formulae as useful in making the

above mentioned determinations :

1. The amount of air is given by Dr. Bunte's formula,

which is

w 18-9 ,=
co;'

where R is the ratio of the air actually used to the minimum

quantity actually required for complete combustion of one

pound of the coal, and CO
2

is the percentage by volume of the

carbon dioxide in the flue gases, as found by analysis. Or it

may be convenient to have it in the form

where E is the percentage of excess air actually present. Or,

again
a = 11-5

ĈO2

will give a, which is the actual quantity of air used per pound
of fuel.

The percentage loss of heat, that is, the percentage which

the heat lost forms of the heat given out by the fuel, is given

by the German formula

in which L is the percentage loss of heat, t is the initial

temperature of the air entering the furnace, T is the final tem-

perature of the gases as they leave the flue for the chimney,

and CO
2
the percentage of carbon dioxide in the flue gases

by weight, and not, as before, by volume.
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Where the percentage of CO
2

is known by volume, as is

generally the case, the corresponding percentage by weight

may be obtained roughly by the following :

C0.2 (by weight) ? (V L)

65 -"0-8CO,
100.

The third formula gives the loss of heat, expressed as a

percentage as before, due to the formation of CO, and is given

by-
l = 2-2CO,

where I is the percentage loss of heat and CO is the percentage

of carbon monoxide in the flue gases by volume.

In the following table are given the excess air per cent,

for different quantities of CO
2
in the flue gases, and also the

pounds of air per pound of fuel :

TABLE IV. TABLE OF EXCESS AIR IN FLUE GASES.

Per cent. COg in the flue gases
(by vol.).
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related in any way, although, of course, there is a point when

the decrease of the air supply, although reducing the loss in

its own direction, is conducive to the generation of CO, and

100

(10

40

CO

C02

4 6 8 10 12

PERCENTAGE OF CO AND C02 IN THE GASES.

FIG. 2. Diagram showing waste of heat.

14 16 / by

the gain in heat by reducing the excess air is balanced and

exceeded by the loss caused by the incomplete combustion of

the coal.



CHAPTER II.

HAND-FIRING IN BOILER FURNACES.

FROM what has been said in the last chapter, a general in-

dication of what may be expected to occur during the com-

bustion of fuel on the fire bars of a boiler furnace has been

given. It will now be possible to make a more detailed survey
of this part of the subject, and to examine some of the most

commonly used types of fire grates for boilers.

COMBUSTION IN ORDINARY HAND-FIRED BOILERS.

In Fig. 3 will be seen a section of a typical grate such as is

used in an internally fired boiler. The fuel, which in this case

must be solid coal, coke, or briquettes in large or small lumps,

is thrown by hand on to the fire bars as shown in the sketch,

and there burns, giving out heat during the combustion, the

greater part of which should be transmitted to the water, the

remainder being lost. Next to the fire door, through which

the fuel is fed, is a fiat plate of cast-iron called the dead plate,

about one foot in depth, measuring from the boiler front. Next

come the fire bars, on which the actual combustion takes place.

These are usually of cast-iron, arranged in two or three lengths.

In very small boilers one length is found to be sufficient. In

most cases the bars run longitudinally with the length of the

boiler, and are placed level with each other with a small space

between them. The width of the openings between the bars

should be made to depend on the kind of fuel used. Where
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the fuel is in large pieces the spaces may be greater, but in

the case of very small slack the bars must be placed very
close together so as not to allow any perceptible quantity of

the coal to fall between the bars into the ashpit along with the

ash. Occasionally the bars are hollow, so as to allow of air

passing through them to the back of the fire, but the objection
to these is that they are liable to be burnt out by the heat of

the furnace, and time and labour are wasted in replacing the

damaged bars. Where air is introduced under pressure beneath

the bars, either by means of a fan or a steam
jet, small slack

FIG. 3. Section of typical Boiler Furnace.

is generally used, and the bars are placed very near together.

This spacing of the fire bars is a really important point, and

should be carefully considered by a competent person, with

due regard to the kind of coal that is to be used, so as to allow

no fuel to pass through, and at the same time to permit of

sufficient air passing through the bars to effect complete com-

bustion, so far as the air passing between the bars can do this.

Other arrangements of the fire bars are in vogue in some

cases. For instance, they may be arranged in steps instead

of on the level. In both hand-fired boilers and mechanical
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stokers they are sometimes made movable, and in some grates

they are arranged in two layers, one above the other.

At the back of the furnace there is provided a "
bridge,"

which is a firebrick barrier extending rather more than half

way up the Hue depth, its functions being to prevent any of the

fuel from dropping over the back end of the bars and falling

on the lower plates of the flue, and to deflect the hot gases

upwards. The bridge, or the cast-iron frame on which it rests,

ought to reach to the bottom of the flue and entirely close up
the opening, so that no air can get to the back of the bridge,

except that which has come over with the gases of combustion.

In some cases an air valve in the bridge casting is provided,

which can be used both for the purpose of cleaning the flue

dust and ash out from behind the bridge, and also for admitting

an additional supply of air behind the bridge in order to assist

combustion just after firing, when the greatest amount of excess

air is required.

METHODS OF HAND-FIRING.

Different systems of feeding the fuel on to the grate bars

are used in different districts and by different firemen. These

are :

Uniform Firing, where the fireman endeavours to preserve

a layer of equal thickness over the bars, care being

taken to fill up any parts that show signs of getting

thin. This uniform firing may result in a thin or

thick fire, this generally depending on the kind of

fuel used.

Side Firing, in which the fresh fuel is fed alternately first

on one side of the fire and then on the other. This

method is very effective in preventing an excessive

amount of smoke.

Coking Firing, in which the fresh fuel is placed on or

near the dead plate, and gradually pushed forward
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as combustion proceeds. By this means the hydro-

carbons from the green fuel pass over the partially

consumed incandescent carbon at the back.

This is important to note, because it is the plan upon which

the coking mechanical stokers work.

In most cases where the boiler has two flues their furnaces

are fired alternately, so that when one is in a state of in-

candescence the other is giving off its hydrocarbons, and the

combustion of the latter is assisted by the high temperature

maintained in the gases from the other furnace.

Whatever kind of firing is in use, one important point

should always be kept in view, namely, that at no point on

the surface of the bars is the fuel to be allowed to get so

thin that air can pass upwards between the bars without

passing through the fuel. There should be no bare places.

In many Lancashire boilers the fire doors are provided

with air valves, or adjustable openings, which can be opened

immediately after firing, when the most air is wanted. Where

such valves are not provided, it is customary to leave the

doors themselves ajar for two, three or four minutes after

a new supply of fuel has been placed on the fire. This supply

of an additional amount of air after firing must of necessity

be left to the discretion of the fireman, and the behaviour of

a furnace, as regards smoke, largely depends on whether the

fireman uses a fair amount of intelligence in adjusting his

air supply, or whether he will not take the trouble to look

after it.

AIR LEAKAGES.

The boiler must be efficient as well as smokeless, and

nothing tends to lower the economy more than an injudicious

air supply or the leakage of air into the passages along which

the flue gases pass on their way to the chimney. This air

leakage may occur in several places. These are : below the
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front of the boiler into the bottom flue, below the fire bridge

into the bottom flue, through the top covering at the back

of the boiler, into the side flues between the boiler shell and

where the flue cover tiles touch it, and through crevices in

the brickwork generally. These are shown in the accompany-

ing Fig. 4. A quantity of air leaking into the flues in this

way tends to cool the gases and lower the amount of heat

transmitted through the plates to the water. The amount of

heat transmitted through a plate depends in a great measure

on the difference in temperature between the gases and the

water, so that, the water temperature being constant, the higher

that of the flue gases, the greater amount of heat that will pass

FIG. 4. Showing air leakages in a Lancashire Boiler.

through, and the more will be utilised. The chimney draught

also depends upon the temperature of the gases entering it,

and therefore it is important to avoid doing anything that

will affect the draught.

The best indication of the quantity of excess air present

in the flue gases is that given by an analysis of the gases, and

a determination of the quantity of CO
2 present. If this is

very low it will be evident that something is wrong, and a

fuller and more detailed examination ought to be made of

the brickwork of the flues and all joints, and if any leakages

are located these ought at once to be filled up and an analysis

of the gases again made.

Care should also be taken that the flue passages are clean.
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as the draught and the passage of the gases may be very much

interfered with by any accumulation of flue dust and ashes.

The above may seem small points, but they all tend to lower

the efficiency of the boiler.

THE ECONOMETER.

This instrument is intended to give a fairly exact deter-

mination of the amount of CO., in the flue gases by means of

one direct reading at any moment, and does not require any

manipulation whatever. It consists essentially of a chemical

balance, at one end of whose arm is suspended a glass globe

filled with rarefied air. This serves to balance the vessel at

the other end of the arm, which contains the sample of flue

gas, whose percentage of CO
2
is to be determined. This weigh-

ing vessel is simply a pear-shaped globe, closed at the top,

and opening by way of a long neck at its lower extremity.

Through this open neck the flue gases are led through a pipe

which reaches nearly to the top of the weighing vessel, but

does not touch it at any point. The gases are drawn from the

flue in a constant stream, which is made to flow through a pipe

by means of an automatic aspirator, worked by the chimney

draught. The gases so leaving the flues enter and fill the

weighing vessel, from which they are led away back to the

flues by way of the space between the bottle neck and the

induction pipe and a second pipe. The weighing vessel is thus

at all times filled with flue gases containing a certain amount

of CO
2

. A long pointer attached to the beam, and traversing

a scale fixed to the bottom of the pillar which supports the

balance, is arranged so that it stands at the zero of the scale

when there is no CO
2

in the gas. As, however, CO
2

is 50

per cent, heavier than the air and other gases in the flues

the more CO
2
there is in the sample which is being weighed,

the further will the weighing globe be depressed, and the
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further will the pointer move from its zero along the graduated
scale. The instrument is so calibrated by the makers that the

numbers of the divisions of the scale correspond to percentages

of CO
2
in the flue gases. In this way the percentage of CO

2

is given at any moment during which the furnace is working

by a simple process of inspection. No attention is required

beyond occasionally checking the zero of the scale and being

sure that the passages are clean and free from flue dust and

smoke.

By having a table showing the excess air and the per-

centage loss corresponding to any percentage of CO.
2

the

person who has charge of the boiler can at any moment form

a very correct idea of the state of his furnace as regards

economy.

LENGTH OF GRATE.

It is also to be noted that the grate of a boiler should not

be longer than can be managed comfortably, so as to have

the whole of the bars covered at all times. Where a certain

amount of fuel has to be burned in a certain time, it is better

to have the grate short, and the fire fairly thick, than to

have an excessively long grate with a very thin fire.

AIR SUPPLY AT FIRE DOOR.

A great deal may be done to prevent smoke being emitted

by careful attention to an auxiliary air supply above the fire

after stoking. If fresh coal is placed on the fire, especially if

it is spread uniformly over the fire, and the fire door at once

closed, it is pretty certain that volumes of dense smoke will be

emitted for some minutes : the time during which this takes

place depending on the draught, the quantity of fuel supplied,

and upon the temperature of the furnace. When smoke is

being given off in this way, if the fire door is opened ever so
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little say, two inches it will be noticed that the smoke

diminishes in quantity and intensity almost at once, although
in some cases the effect is less marked than in others.

AUXILIARY AIR SUPPLY ABOVE THE FIRE DOOR.

A plan which has been largely adopted for giving an

auxiliary air supply is to provide some means of sending in a

current of air above the door after stoking. If the chimney

draught is exceptionally good it may be found sufficient to

simply provide an opening at or above the door at the proper

time, and the air will be drawn in by the force of the draught,

and smokeless combustion effected.

But where the draught is not so good it is necessary to

send the air in by some forcible means. The simplest way of

doing this is to make use of a small jet of high-pressure steam

from the boiler. This may be introduced through a pipe

having an orifice about one-eighth of an inch in diameter and

pointing downwards towards the bridge of the furnace. The

jet is turned on while stoking takes place and the door is

slightly open to allow of the admission of the requisite air.

This is the plan adopted in the Whittle type of smoke

preventer.

Or an opening may be made in the furnace front just

above the door and the steam jet introduced through this.

When the steam is turned on, air is drawn in with the steam

and plays upon the top of the fire. The air opening should

be provided with a door, so as not to admit any air between

the firings and after the hydrocarbons have been burnt.

Another way in which the auxiliary air supply is admitted

above the fuel is by means of a dead plate, which lifts and

allows the air to pass inwards underneath the fire door

and traversing the upper surface of the fuel as it is drawn

along the flues by the draught. This is the plan adopted
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by Messrs. Meldrum, and is found to be very effective in

diminishing the amount of smoke emitted.

AUXILIARY AIR SUPPLY AT THE BRIDGE.

By having a split bridge, that is, a bridge with a vertical

passage in it communicating with the space beneath the fire

bars, an additional amount of air can be given to the gases when

they reach the bridge, and require this extra supply in order

to complete combustion. This arrangement is good for pre-

venting smoke, if only it is properly used and is applied to

a case for which it is suitable.

In some so-called smoke preventers air is taken to the bridge

through pipes traversing the steam space or the flue, the idea

being to heat the air before it reaches the gases. If the air

were to be heated by being passed through the hot gases after

they had left the boiler the plan would have something to

recommend it. As it is, it is simply a case of robbing Peter to

pay Paul, and taking heat out of the boiler to give it to the

flue gases.

DEFECTS OF CONTINUOUS AIR SUPPLY.

In none of the cases of auxiliary air supply must the

supply be continuous. This is an axiom which should never

be forgotten. An auxiliary air supply is an excellent thing,

both for the diminution of smoke and for the economical

working of the boiler, if it is judiciously applied. The com-

bustion which takes place in all hand-fired boilers is an

intermittent process, and the air supply to be perfect must be

intermittent also. In the accompanying Fig. 5 is shown a curve

representing the fluctuating nature of a properly apportioned

air supply. In the first place, a continuous supply is needed

under the bars to burn the fixed carbon in the fuel, and also a
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small continuous supply above the fire to prevent the formation

of unconsumed CO
;
but for the purpose of burning the hydro-

carbons the supply must be intermittent as shown on the

diagram. When stoking begins this auxiliary supply must

begin at the same time, and gradually increase to a maximum
when all the fuel has been put upon the fire. This maximum
air supply must continue for a few minutes, and then gradually

diminish to nothing, where it remains until the next firing

takes place. The precise amount of air required, and the time

during which it is required, can only be ascertained by trial,

TIME.

FIG. 5. Diagram of air supply to boiler furnace.

much depending upon the chimney draught, thickness of the

fires, and so forth.

In hand-fired boilers the doors for admitting the auxiliary

air supply are usually worked by hand, and are, consequently,

under the control of the fireman, as are also the steam jets

used for inducing the air currents. When no special smoke

appliances beyond those that have been mentioned are at-

tached to the boiler, the absence of smoke in the firing depends

on the stoker, and he should be fully instructed as to what to

do
; and, if he is an intelligent and painstaking man, he will
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be able to keep the smoke down without loss of economy in

the working of the boiler. If, as sometimes happens, the air

valves and the steam jets are left open during the whole time

the boiler is working, great loss of heat will ensue, and much

steam will be wasted
;
on the other hand, if these be wholly

neglected, there will in all probability be a great emission

of smoke.

What has just been said applies equally well to other forms

of boilers in which the ordinary type of grate is used, such as

Cornish, egg-end, tubular and, to some extent, to tubulous or

water-tube boilers also. In the last mentioned there is some-

times an air door under the bridge for the purpose of admitting

air to the space beyond the first wall.

FIG. 6. Section of Ferret Grate.

SPECIAL GRATES FOR HAND FIRING.

The Ferret Grate (Fig. 6). This grate, which is largely

used on the Continent, and to some extent in this country, is

designed for the purpose of burning very small coal or coke
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breeze. The bars are about | of an inch broad and 10

inches deep, the lower edges resting in a shallow trough of

water. This water keeps the bars cool and helps a little in the

combustion. The bars are placed very near to one another,

there being only about TV of an inch between them. The

air is forced into the .space below the bars by means of a small

fan. This grate is said to yield very satisfactory results.

THE MELDRUM FURNACE.

This is a largely used form of grate, in which the air is

forced up between the bars, which are placed very near to-

gether for the purpose of burning small coal. There are several

others worked on much the same lines. In the ordinary form

of Meldrum furnace the ashpit is closed both at the back and

front, and the air is introduced through a trumpet-shaped cast-

iron tube, in the centre of which is a pipe conveying steam from

the steam space of the boiler. Special fire bars are used, placed

very near to one another, as in the Ferret furnace. By this

arrangement, small, cheap coal can be burnt, and a much greater

evaporation obtained than in the case of ordinary draught.

Another advantage of this form of forced draught is that a high

temperature of combustion can be maintained, and, by this

means, fuels of much lower grade, such as could not be used in

an ordinary furnace, as refuse coal dust, coke, breeze and saw-

dust, can be made use of for the purpose of raising steam. The

pressure of air maintained in the ashpit is not great, but is

sufficient to force the air through bars and through the fuel.

The steam for the jet is superheated by being taken

through an arched pipe placed in front of the furnace, just

inside. Where the fuel is likely to produce smoke a valve

dead-plate is attached, and this can be opened by hand after

firing and closed again when the volatilisation period is com-

plete. In some cases, again, where the smoke is difficult to

3
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Front view.

Sectional View.

FIG. 7. Meldrum Furnace.
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deal with, a jet of steam is applied above the door, thus induc-

ing a current of air on the top of the fire. In other cases a

supplementary air supply is introduced through the bridge.

A sectional view of the Meldrum furnace as applied to one

of the flues of a Lancashire boiler is shown in Fig. 7, accom-

panied also by the front view of the boiler. It will be seen

that there are two blowers for the one furnace. The steam

for working these is brought from the steam space of the

FIG. 8. Inside view of Meldrum Furnace.

boiler, through the arched pipe, which acts as a superheater,

and is shown in section just behind the fire door, and is led

into the blower tube through the cross pipe as shown. In the

particular view shown there is a valve dead-plate for the ad-

mission of supplementary air above the fire
;
this is opened and

shut by means of the handle shown projecting from the boiler

front below the fire door. The internal arrangements of this

furnace front are shown more clearly on the photograph in

Fig. 8. Here the valve dead-plate is shown open. In the
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next illustration (Fig. 9) will be seen a plan view of the Mel-

drum grate bars. These are cast with lugs, so that they inter-

lock when placed in position The space between these bars

is somewhere about -^ of an inch. One of the objections

to these steam jet blowers is that they give rise to an un-

pleasant noise, and, with the object of preventing this, Messrs.

Meldrum have designed their
"
Silent Blower," in which the

air and steam are led to the furnace by way of an underground
conduit. In some cases the conduit draws its air from a room

which requires ventilation, so that, in this case, the blower

M B PATENT (g)

FIG. 9. Meldrum's Grate Bars.

serves a double purpose of ventilating a hot room and at the

same time providing air for the furnace.

This furnace may be used for other purposes besides steam

boilers, such as refuse destructors, brewing coppers, evaporat-

ing pans, etc. In Fig. 10 is shown a Meldrum furnace applied

to a brewing copper. The chief advantages of this furnace

are that it will burn a larger quantity of fuel on a grate of

given size than an ordinary furnace, the temperature of com-

bustion is higher, and, the draught being more under control

than where the draught has to depend on the chimney, the
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supplementary air supplies can be so regulated as to effect

good combustion without smoke. They are particularly suit-

able for boilers where the natural draught is deficient, or when

more steam is wanted than can be produced from the boilers

in the ordinary way.

GRANGER'S FORCED DRAUGHT SYSTEM.

In this system air is forced under the grate bars, the space

beneath these being closed, and the air maintained at a pressure.

In a Lancashire boiler, two blowers are used for each flue.

The action of these blowers is simply to induce a draught of

air through a trumpet-shaped inlet pipe, by the action of a

central jet of steam, which carries the air along with it. In

most of the steam-jet systems only one actual jet is used in

each blower, but in Granger's system the jet is a compound

one, consisting of a central jet and three supplementary jets

placed concentrically with regard to the first. These three

supplementary jets are made so as to be adjustable by hand,

and by this arrangement a considerable margin is provided for

the quantity of steam used. The adjustment is simple, and is

made by turning a milled head, which is placed externally to

the boiler front. The fire bars are of special design, being

provided with very narrow spaces between them, so as to

make it possible to burn small coal. The advantages of this,

like all other forced draught systems, is that it provides an

increased draught and makes it possible to burn very small

and cheap fuel, gives a greater dut^y to the boiler, and makes

it possible to get a larger yield of steam from a boiler than

could be obtained by means of natural draught. Where the

chimney draught is bad, a forced-draught system is especially

applicable.

When using ordinary coal Granger's system of forced

draught cannot be said to provide a smokeless fire, but very
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little smoke is produced when using anthracite or a mixture

of anthracite and coke breeze.

Where perfect smokelessness is desired, Mr. Granger sup-

plies an arrangement by which streams of heated air are allowed

to mix with the volatile products just beyond the bridge. This

is said to prevent the emission of smoke by supplying the re-

quisite quantity of air for the combustion of the hydrocarbons,

and at the same time maintaining a high temperature in that

part of the fire beyond the bridge.

FIG. 11. Mason's Grate.

MASON'S FORCED DRAUGHT FURNACE.

The peculiarity of this system lies in the form of the grate

bars. These are shown in plan, longitudinal and transverse

section on Fig. 11. The grate consists of two hollow tubes

supported in the centre of the fire. The upper surface of the

tubes is formed of gratings, the bars being placed transversely.
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In each of these two tubes is placed a steam jet blower which

carries a current of air into the tubes, from which it goes

to the fuel through the interstices between the bars. The

grate, thus formed of the curved upper surfaces of the two

pipes, only occupies about one-third of the width of the flue.

The flue tube is kept filled with ash up to the level of the air

pipes, and as more accumulates, the ashes are raked out from

below by the fireman. When the fire is to be started, ashes

are thrown into the boiler flue up to the level of the grate,

and then a fire is made in the usual way, and built on the

top of the ashes. It is claimed for these furnaces that a

cheap fuel can be used, better evaporative efficiency can be

attained even by the use of ordinary coal, and that, there

being no necessity for opening the ashpit doors for the re-

moval of ash, there is no possibility of air getting into the

flues and lowering the efficiency. This latter end is attained

by keeping the ashpit and air space below the grate entirely

separate.

INCANDESCENT ARCHES AND BRIDGES.

Of these may be mentioned Welton's diagonal grid and

"Greaves' Arches".

Welton's Diagonal Grid. This is a device for obviating

the emission of smoke quite independently of the air supply.

An iron grid is fixed in the flue a little way behind the bridge,

sloping at an angle of about 45, with the lower end nearer

the bridge. Lumps of asbestos, somewhat similar to those

used on a gas fire, are placed on the sloping grid. These

become incandescent from the heat of the fire, and any

smoky gases impinging on this incandescent surface are sup-

posed to be raised to a higher temperature and be more

completely mixed with the air and consequently consumed.

See Fig. 12.
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Greaves' Incandescent Arch. The object of this is pre-

cisely the same as that just mentioned. The action of this

arch is described in these words :

" Under the action of the

heat of the furnace the block or slab becomes incandescent,

and as the smoke and unconsumed gases strike or pass through

they become burnt or changed into carbonic oxide, and thus

tend to increase the economy of the fuel and abate the smoke".

The presumption apparently is that in the gases there is free

FIG. 12. Welton's Incandescent Grid.

carbon and free oxygen, and this carbon takes up the oxygen to

form carbonic oxide, and this again burns with what oxygen
there is left, or it passes away as CO. These two arrange-
ments have never been generally adopted. Although they are

said to very materially diminish the smoke, they have one or

two fatal defects :

1. They are designed on the assumption that black smoke

leaves the grate, which ought not to be the case.

2. They obstruct the passage of the gases and thus inter-

fere with the draught. It is significant that in the

case of some of these, steam jets had to be used to

assist the draught.

3. These grids and arches are very perishable when ex-

posed to the rush of the flue gases, and it has been
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found that a considerable cost was involved in repairs

and renewals.

INDUCED CURRENTS OF AIR BY MEANS OF STEAM JETS.

This plan for reducing the production of smoke has been

very largely used in furnaces of all kinds.

The accompanying Fig. 13 shows the arrangement of an

apparatus of this kind as applied to a Lancashire boiler. The

appliance is perfectly simple both in its application and its use.

Two half-inch copper pipes are taken from the upper part of the

steam space, down the front of the boiler, and introduced into the

furnaces just above the fire door. The pipes thus entering the

furnace are taken in for about six or eight inches, when they

FIG. 13. Whittle's Steam Jets.

terminate in nozzles, forming steam jets which are about one-

eighth of an inch in diameter. The nozzle can easily be made

fay simply reducing the copper pipe and working it into the de-

sired shape. Taps are fixed between the boiler and the nozzles.

The direction of these should be towards the fire bridge as

shown in the sketch. When fuel has been put upon the fire the

jet is turned on, and at the same time the fire door is left slightly

open, or if there is an air valve in the door this can be opened
and the fire door closed. The action of the jet is to induce a
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'strong current of air, which mixes with the hydrocarbons as they

come oft' from the fuel, and causes complete combustion of these.

The action of the air current so induced is also to make the

flames to leap upwards to the furnace crown, and in this way

bring about a more perfect commingling of the gases and air.

When the possibility of smoke has disappeared the jets are

to be turned off and the air door closed.

For application to an existing furnace which is liable to

produce smoke this appliance is simple and cheap and can be

easily fixed. Its great drawback is that it is not automatic,

but is entirely dependent for its proper use on the stoker.

The particular form which has been described is one that

is no longer on the market, by name the
" Whittle Steam

Injector ".

In its later forms the air was induced through a two-inch

pipe, down the centre of which the steam jet played. This

arrangement obviates any opening or shutting of the fire

door.

The same device is used by many other makers in slightly

different forms.

AUTOMATIC REGULATION OF AIR SUPPLY.

Many attempts have been made to effect a satisfactory

regulation of the air supplied to the furnace by automatic

means, but very few of the appliances designed for this pur-

pose have been in any way successful. The conditions to be

fulfilled in arranging a satisfactory air supply to the furnace

of an ordinary hand-fired boiler are not difficult to appreciate

.after what has already been said upon the subject of air

supply. In the first place, a constant quantity of air flows

into the ashpit, this being the amount which is necessary for

the combustion of the carbon in the fuel. In addition to this

constant supply beneath the bars, air must be supplied above
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the bars and possibly at the bridge, for the purpose of burning*

the hydrocarbons which are driven off, and also to help in

completing the combustion of the carbon. This air supply

above the fire must be intermittent, the maximum being

allowed to reach the fire just before or after firing, and

continuing for a time, this depending upon the kind of fuel

which is being used and the chimney draught.

These are the conditions which have to be satisfied, and the

appliance used must be so designed as to fulfil them as nearly

as possible. In most cases the supplementary air is admitted

either above or through the fire door or at the bridge, or both

at one time, and the automatic appliance must be designed so

as to open the doors through which this supply is admitted

when stoking begins, allow the doors to remain open for some

minutes, and then to close very gradually as the combustion

of the hydrocarbons becomes complete, when the quantity of

supplementary air which is required will become less and less.

Also, as the object of an automatic regulation of the air supply

is to render this supply, which is necessary for the proper

and smokeless combustion of the fuel, independent of the fire-

men or stokers, it is necessary that it be brought into action

by one of the movements necessary to stoking, such as opening

the furnace door.

APPLIANCES DESIGNED BY THE AUTHOR.

In order to illustrate the meaning of these necessary con-

ditions, the following descriptions of two automatic appliances

designed by the writer may be useful :

One of these appliances is shown in front view in Fig.

14. The view represents the front of a Cornish boiler, with

the usual furnace and fire door. Above this door is an air

valve or door turning on a central pivot, and actuated by
the pressure of the steam from the boiler on the piston of
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a small cylinder, shown to the left of the air door. When
fyie pressure on this is released a spring, which has been pre-

viously compressed by the pressure of the steam, again closes

the door. The chief part of the regulation is effected by the

pressure of water and steam on the two pistons of the tandem

cylinders, shown. The smaller of these contains a piston

which is acted upon by the pressure of water from the

water space of the boiler as shown. The small valve shown

is so made that the water can flow freely from the boiler to

FIG. 14. The Author's Automatic Device.

the cylinder, but it can only proceed back again through a

very small opening, which can be altered, and constitutes

the regulating device. In the other cylinder there is also a

piston, which is rigidly connected to the first. This second

piston is acted upon by the steam from the steam space. The

action of the apparatus may be described as follows : The

fireman opens the door to throw on a new supply of coal.

This opening of the door turns a small spindle which is

attached to the door, and this again carries a crank which
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pulls on a rod. The pulling of this rod opens an interior valve-

and allows steam to proceed from the boiler and to press upon
the larger piston. This cylinder is of larger diameter than the

other, and, consequently, the pressure of the steam and water

per square inch being the same, the pistons move from right

to left, and the water is very slowly driven out. The valve

is so regulated that it takes three or four minutes to complete

the stroke. This covers the time of stoking, and sufficiently

long afterwards to prevent the emission of smoke. On the

completion of the stroke an interior rod is pulled and the

steam valve again closed. This closing of the steam valve

releases the pressure from the piston and the water pres-

sure, no longer being held in check, carries the smaller piston

back to its original position, and the cycle is complete,

ready for the next firing. When the steam is first turned

on, besides going to the cylinder it is also allowed to flow

into a top jet, through a pipe which is shown entering at the

top of the fire door, and also into the air door cylinder. So

that, by the simple process of opening the fire door, not only

is an air door opened for the admission of a supplementary
air supply, but a steam jet is turned on for the purpose of

assisting in the influx of this air. When the steam valve is

closed at the end of the stroke of the pistons, the air valve

automatically closes and the steam jet ceases blowing.

This apparatus has been used and has been found to go

through its cycle of operations with great exactness, but the

method of regulation was found to be extremely delicate, for

so small had the opening to be through which the water was

allowed to escape, that a very small quantity of dirt or other

impediment getting into this opening was sufficient to put

the whole apparatus out of gear. This delicacy is a great

drawback in any appliance which has to be subjected to the

rough usage common in a boiler house. Another difficulty

which is found, where the regulation is effected in this by
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slow-moving pistons, is that there may easily be a leakage

past the water piston, which allows more water to escape than

that which is necessary for regulation, and the whole end

of the appliance is defeated.

In a later design, which is intended to effect rather different

results, these being the opening of an air door in the bridge,

and possibly one at the front of the furnace also, the principle

of the two tandem cylinders is adhered to, but these are made

larger, so as to provide a greater volume to be dealt with and

so make the apparatus less delicate
;
and an improvement has

been effected as regards the packing of the water piston. In

addition to this, the cycle of operations is changed, so that the

action may be much more certain than before.

SAXTON'S APPARATUS.

In 1892 a patent was taken out by E. & J. Saxton of

Sheffield, for an appliance which was intended, to effect an

automatic regulation of the supplementary air supply admitted

through the fire bridge. The operation of opening the fire

door also caused an opening of the air door in the bridge, and,

at the same time, forced the piston of the regulating cylinder

to the bottom of its stroke. These three operations were

performed by the force exerted by the fireman in opening

his door by means of suitable connecting rods and levers. The

cylinder was filled with oil or glycerine or other suitable liquid,

and the piston could pass freely from end to end of the cylinder

in one direction by reason of a valve in the piston itself, but

this valve only opened in one direction, and the movement of

the piston to the opposite end could only occur when the liquid

was allowed to pass from one side to the other by way of a

special passage, which was closed by a regulating valve.

When the fire door, was shut, the piston was released and

slowly travelled back to its opposite end, at the same time
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closing the air valve in the bridge. This closing movement was

brought about by the falling of a heavy balance weight, which

of course had to be raised in the first instance by the opening

of the door. The author has no definite information as to the

behaviour of this apparatus, but in his opinion it sutlers from

one fatal defect which would preclude its general adoption : the

objection is that all the work of opening and closing the fire

door has to be performed by manual labour. One can conceive

that a very great deal of force would have to be applied to

the fire door in order to complete all the operations mentioned,

and, even then, there would not be much margin left for the

definite and certain closing of the air door at the right time.

The author's experience with appliances of this kind has led

him to believe that steam, hydraulic or other power must be

used for doing the bulk of the work, and the manual work

ought only to be used for the purpose of putting the other

into operation.

GATES' APPARATUS.

In this apparatus, again, a cataract cylinder is made use of

for the purpose of regulating the speed of closing. From the

patent specifications in which this apparatus is described it

appears that the supplementary air is admitted at the fire

door through a special air grid and also at the bridge. The

opening of all the air valves is effected by steam power utilised

in a small cylinder provided for the purpose, but this apparatus

is only semi-automatic, in that the steam must be turned on

at the right time by manual force. This is, however, a great

improvement on the apparatus last described.

AUTOMATIC SUPPLY OF AIR THROUGH THE DOOR.

One of the earliest forms of an appliance of this kind was

that of Prideaux, of which an external view is shown in
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Fig. 15. The fact of opening the door for firing caused the

simultaneous opening of a series of air passages through the

door. Through these the supplementary air was allowed to

flow on to the fire for a time after stoking, at the end of which

the air doors or louvres were automatically closed by their

Fig. 15. Prideaux Fire Door.

own weight, the time of closing being regulated by the flow

of some fluid in a cataract cylinder. This apparatus was

found to be very delicate, and required frequent repairs. Many
similar devices have been brought out from time to time.

DOWN-DRAUGHT FURNACES.

Though not attempted in this country as yet, the down-

draught system of firing has achieved a considerable amount

of success in America. Of these furnaces one of the most

successful, the Hawley Down-draught Furnace, is described

by Mr. Bryan Donkin as being very smokeless and economical

in its working. In this furnace there are two grates or sets

of fire bars, one placed above, the other in the flue. The upper

one, in which the greater part of the combustion takes place, is

composed of water tubes connected with the water space of the

boiler, these being so arranged that a thorough circulation

takes place, by which means the bars are kept cool and some
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heat is transmitted to the water from the fire bars. There

are one or two rows of tubes. The green fuel is fed by
hand on to these upper bars, and the earlier part of the

combustion takes place there. In some cases the bars of

the upper grate slope downwards towards the back of

the boiler to help the circulation. The back of the upper

grate is closed, so that the draught can only pass downwards

through the burning fuel. This is the gist of the whole

arrangement. The gases from the burning coal pass down-

wards, through the most incandescent part of the fuel, and

play upon the fire which is burning on the lower grate. This

consists of incandescent carbon which has fallen through the

upper bars, and is completely incandescent. A secondary

supply of air is admitted between the two grates, so as to aid

in the combustion of the hydrocarbon gases which are carried

down from above.

In two results of trials quoted by Mr. Donkin, in one of

which the Hawley grate was applied to a tubular boiler and

in the other to a Babcock boiler, the economy results were

extremely good, the boiler efficiency and the evaporation being

very high in both cases, and, what is very important, the com-

bustion was smokeless.

The combustion is not equally divided between the two

grates, some 90 per cent, taking place on the upper bars and

only the last stage of incandescence occurring on the lower oven.

HORIZONTAL-DRAUGHT GRATES.

These are very similar to the American down-draught

grates, but are not in all respects so satisfactory. The Doneley

grate is much used on the Continent. It is suitable for ex-

ternally fired boilers, and must be placed externally to the

boiler. The fuel falls in a vertical column on horizontal grate

bars, but the front of the furnace is closed by a set of vertical
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bars, and, as the layer of clinker and ash prevents any air

coming up through the fuel from below, the air for combus-

tion flows through the vertical bars in a horizontal stream.

The greener coal being at the front, and the more incan-

descent further back, the hydrocarbons, as they are distilled

oft', must pass through the incandescent carbon behind, and so

become consumed. The back of the grate is closed by a set of

water-tube bars, which prevent the passage of any fuel beyond

this point and at the same time serve to take up a large

amount of heat from the gases.

This grate behaved better than any other, as regards smoke

prevention, in the Paris trials of 1897, and at the same time

showed good evaporation and boiler efficiency.

STEPPED FURNACES.

A good example of these is the "
Tenbrink," which is

largely used on the Continent. Its chief features are the

arrangement of its bars in steps, forming a slope of about 45

degrees. Air is admitted both above and below the fuel, and

the combined action of the two sets of air currents results in

a thorough mixture of the air and the unburnt gases. The

grate is said to produce good results, but it is costly in the

first instance and the labour involved in firing is rather high.

THE WILTON FURNACE.

In this grate there are no fire bars, but there are two cast-

iron pipes lying at the bottom of the flue tube. At the front

ends of the pipes are steam jets, which inject currents of air,

which pass into the fuel and maintain combustion. A secondary
air supply is admitted above the fuel. The fuel, which may
be cheap slack, forms a mass about ten inches thick resting on

the bottom of the flue tube.



CHAPTER III.

STOKING BY MECHANICAL MEANS.

IT is clear that there are many disadvantages in feeding

boilers by hand, both as regards economy and smokelessness.

The stoking must of necessity be intermittent, and, conse-

quently, the air supply must be also intermittent and variable.

If this air supply is carelessly regulated, smoke will be

given off, in small or large quantities; or, if the fire doors

are left open too long or any other air supply is wrongly

timed, a large amount of waste may be caused in heat

carried away up the chimney. If, then, the fuel can be

supplied in a continuous stream, as it were, the air must be

delivered along with this fuel in a like manner, and can be

regulated so as to be neither too much nor too little. This is

one of the objects of feeding by means of what are known as

mechanical stokers. In these the fuel is fed into the furnace

by mechanical means, either at very short regular intervals

of time or in a continuous slow-moving stream. These
c5

mechanical stokers may be broadly divided into two classes,

namely,
"
sprinkling

"
and "

coking
"

stokers. Of the former

class, the best known machines are those of Bennis and

Proctor
;
of coking stokers there are a good many on the

market, such as the Vicars, Cass, Sinclair, Proctor and Meldrum.

It will be well to examine one or two representative types.
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BENNIS' STOKER.

In this stoker the coal, which must be fairly small and dry,

is supplied to a hopper either by hand or by means of an

automatic conveyer. This hopper is placed in front of the

boiler and above the furnace. The coal is first allowed to fall

on to a plate in front of a mechanical pusher, which has a

reciprocating movement, and each time this moves forward it

pushes a small quantity of the coal further along the plate,

where it falls over the edge of the shelf. As it falls it is

caught on the mechanical shovel, which is simply for the

purpose of throwing it upon the fire. This shovel is worked

by being drawn back against the pressure of a spring, and,

when it has been drawn fully back, it is released, and the coal

is thrown outwards over the fire. The distance to which the

fuel is thrown by the shovel varies automatically with each

throw : one throw sends it close under the bridge, the next

a little nearer the door, the third nearer the door again, and

the last throw delivers it just below the stoker near the door.

By this means the coal is distributed uniformly over the whole

surface of the fire, which is never at any point very far from

incandescence. It is held that this conduces to smokelessness.

In addition to the sprinkler device for throwing the coal on

the fire, the makers of this stoker have an arrangement by
which the fire bars are given a slight motion in such a way
that the clinker and ash is being constantly loosened, and at

the same time slowly carried towards the bridge, where it is

deposited in the ashpit. Provision is made for hand-firing if

it becomes necessary, owing to the work being intermittent

or to a breakdown of the mechanism. The whole of the work

is done by power derived from the shafting of the factory or

from a small engine specially provided for the purpose.
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PROCTOR'S SPRINKLING STOKER.

The earlier stokers made by Messrs. Proctor were all of the

sprinkling type, but they have now a very excellent combined

sprinkling and coking stoker on the market, which will pre-

sently be described. In the sprinkler there is only one hopper
for a 'two-fined Lancashire boiler, and the coal, after falling

from the bottom of the hopper, is pushed by a ram alternately

to the left and to the right, first into one furnace and then

into the other. On leaving the ram the coal is thrown by
means of a mechanical shovel upon the fire. These shovels

are actuated by springs, and have three throws of varying
distance.

VICARS' MECHANICAL STOKER.

This, one of the earliest of the successful mechanical stokers
r

is at the present time very largely used. It may be regarded

as a typical coking stoker, and the principles here adopted
are made use of in nearly all the other coking stokers, with

differences in detail, and, in some of the later machines, addi-

tional appliances for increasing the duty of the furnace.

In Fig. 16 is shown a section of the Vicars stoker, which

will serve very well to make clear the manner in which this

machine works.

The fuel is fed from the hopper or magazine into boxes,

usually two to each flue, from which it is gradually pushed

by reciprocating plungers alternately on to the dead plate.

Air spaces are provided immediately under these boxes and

also through the dead plate to facilitate the rapid coking of

the fuel. From the dead plate it is pushed on to the moving
fire bars, which gradually take the burning mass further into

the boiler. The unconsumed coke with the clinker and ash

is delivered over the end of the fire bars into the flue, where
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it forms and maintains a bank, which acts as a bridge and

prevents any free air passing direct into the boiler. Combus-

FIG. 16. Vicars' Mechanical Stoker.

tion is completed at this point, and the clinkers are removed at

intervals according to circumstances.
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A bridge of firebrick is built in the furnace flue some feet

from the end of the bars, so as to form a kind of combustion

chamber.

The supply of fuel and the travel of the bars are easily

regulated independently of each other, and a separate gear

is supplied for working each flue. The coal feed is varied

by altering the rate of motion of the plungers, which, by a

simple movement of a short lever, can be instantly adjusted

over a wide range, or stopped altogether. The motion of the

bars is worked in the same manner, and the actual stroke can

be varied up to about four inches. The bars of each furnace

are arranged in two sets, each composed of the alternate bars

and moving together, travelling in towards the bridge, but

returning at separate intervals. Thus the fuel is carried in-

wards by the simultaneous action of both sets of bars, and

remains in place without being disturbed by the return of

either set. Each successive inward movement of the bars

serves to carry the fuel, together with the clinker and ash,

nearer to the end of the grate, where the mass at length drops

over the end of the bars as already described.

The various parts receive their movement from either an

overhead or underground shaft, running at a speed of twenty
revolutions per minute. Doors are provided which can be

used for hand-firing if necessary.

The Vicars furnaces are capable of burning the most bitu-

minous fuels at rates varying from fifteen to fifty pounds
of coal per square foot of grate smokelessly, and at the same

time maintaining high percentages of CO
2

.

It is stated that, although a portion of the unconsumed fuel

is delivered over the end of the bars, it has been shown by
tests that the proportion of fixed carbon in the ash is very

small, and that the ash exceeds by only a very small amount

that found in laboratory tests.

The stoker for water-tube boilers is somewhat different in
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its arrangement. A firebrick arch is built over the moving
bars for a distance of about three feet from the front of the

boiler, so as to raise the volatile hydrocarbons to a sufficiently

high temperature when brought in contact with the heated

air as to become inflammable. The fuel on arriving at the end

of the bars drops on to another set of inclined bars, which

can be tipped if desired, and the combustion is completed as

in internally fired boilers.

The following comparative trials on Babcock and Wilcox

boilers, between hand-firing and machine-firing with Vicars

stokers, are instructive. The boilers were those of the City of

London Electric Lighting Station. The tests were made in

1894. Only the most important figures are given here :

COMPARATIVE TRIALS BETWEEN HAND-FIRING AND MACHINE-
FIRING.
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combustion, plus a certain amount of excess air. The whole

operation is gradual and continuous, and there is no admission

of a gust of cold air when it is not wanted. In a hand-fired

furnace the air supply must be intermittent to suit the inter-

mittent fuel supply, but in a coking stoker the conditions are

such that the air supply may, and, indeed, must be uniform

and continuous.

CASS' COKING STOKER.

A front view and a longitudinal section of this stoker are

shown in Figs. 17 and 18.

FIG. 17. Front view of Cass' Mechanical Stoker.

Here the coal is fed into a hopper, which, in the case of a

Lancashire boiler, is carried right across the front, thus supply-

ing both furnaces from one hopper. The hopper will hold
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about half a ton of coal. From the hopper the coal is allowed

to fall on to the bars through a sliding door, which can be

adjusted to suit various grades of fuel. In this stoker the

bars extend some distance beyond the front of the furnace,

and the coal. is allowed to fall direct on to them, without the

use of any distributing mechanism or pushers. A longitudinal

motion is given to the bars, by which the coal is worked

FIG. 18. Section of Cass' Mechanical Stoker.

gradually along from the front to the back of the grate during

the time when combustion is taking place, the speed of travel

being so arranged that the fuel reaches the back end of the

bars just as the combustion is complete, and the unconsumed

ash and clinker fall over into the ashpit to be raked out by
the attendant. The coking begins soon after the fresh coal

has fallen on to the bars, and the layer of fuel diminishes in

thickness but increases in intensity of temperature as the
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coking becomes complete and the back end of the bars is

approached.

As is usual with all stokers of this class the passage of the

volatile gases given off from the green coal at the front end

over the glowing white-hot fire secures their complete and

smokeless combustion. Below the bridge is a door which can

be opened for the purpose of raking out the ash and clinker.

The working parts are few, and designed with a view to

the reduction of wear and tear to a minimum, the rubbing

parts of the bars and the tappets which work them being

faced with steel. The mechanism of this furnace is driven

from the shafting of the factory by means of a three-quarter

inch rope.

The combustion of coal in this furnace is smokeless, and,

in this connection, it may be remarked that in the report of

the Committee for Testing Smoke Preventing Appliances, it

is stated that the Cass stoker showed very excellent results

indeed.

SINCLAIR'S MECHANICAL STOKER. (See Fig. 19.)

This is a stoker of the coking kind, and has been largely

used, especially in Scotland. Like others of this same type,

the fire burns on flat horizontal bars as in an ordinary hand-

fed furnace, but there are several differences in the construc-

tion which the makers claim as improvements over the usual

arrangements. The pusher or plunger used for sending the

coal forward into the furnace is made the entire width of the

fire, which arrangement tends to keep the fire perfectly even

and level. The motion is given to the bars by means of

cranks on a shaft placed in front of the furnace and revolving

once or twice per minute. This shaft is made exceptionally

strong, being 2J- in. diameter. The furnace bars possess two

movements, one forward and the other backward, in alterna-
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tion, as well as an irregular motion whereby the clinker is

prevented from adhering to the bars. The movable bars

gradually carry the h're backwards, and the ashes and clinker

remaining at the end of combustion fall over at the ends of the
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bars into the pit, from whence they can be raked out through
a door provided for the purpose. This door is kept closed the

greater part of the time during which the furnace is in action,

and in this way any cold air is excluded. The plunger or

pusher used is worked by means of an adjustable screw and

lever, so the amount of feed can be regulated, and in this way
the steam maintained at a uniform pressure. The writer has

seen several of these stokers at work, and, like most coking

stokers, the combustion is smokeless and efficient. These

facts are emphasised in the following extract taken from the

official report of the Smoke Abatement Committee :

"
It may

be observed in the few results of tests given in Table xxv.

that the only mechanical stoker which worked with complete

smokelessness was the coking stoker of G. Sinclair, tested at

the exhibition on a Cornish boiler. Of the systems of mechan-

ical stokers which have been tested that of G. Sinclair was

the steadiest in action, and was the only one which worked

without the interference of the occasional aid of the shovel or

the rake. The excellence of the stoker was also proved by
the complete absence of smoke, already noticed, and by the

efficient manner in which it transported and rejected the heavy
masses of clinker that were formed." This extract refers to

the Smoke Abatement Exhibition, held at South Kensington,

London, in 1882.

PROCTOR'S COKING STOKER.

An improvement on the sprinkling stoker which has been

described has been effected by the introduction of Messrs.

Proctor's later form of stoker. This differs from other coking
stokers in that the sprinkling arrangement is still adhered to,

to some extent, and with this is combined an arrangement of

the bars which has the effect of converting the stoker into one

of the coking kind. The shovel or thrower is used as before,
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and deposits the fresh fuel on the top of the body of the in-

candescent fire. Combined with this, a movement is given to

the bars by which the coal is gradually carried forward to the

FIG. 20. Front view of Proctor's Stoker.

STOKER.

I. Cast-iron hopper. 2. Ram box. 3. Shovel box. 4. Radial shovel. 5. Ram.
6. Spring lever. 7. Tappet fingers. 8. Screw for regulating ram. 9. Hand-

firing door. 10. Hand-firing handle and catch. 11. Hand-firing bracket.

12. Shovel shaft. 13. Driving shaft. 14. Driving end bracket. 15. Worm and
wheel. 16. Bevel wheels. 17. Cone pulley. 18. Tappet wheel lubricating tap.
19. Centre bracket. 20. Finger for working ram. 21. Tappet wheel. 22. Shovel

fingers. 23. Ram shaft bracket. 24. Flap. 25. Spring brackets. 26. Ram
lever shaft. 27. Lubri -ating cover for driving brackets. 28. Shovel spring.

back of the furnace. The bars themselves are made with a

slight inclination towards the back, which, with the to arid fro

movement of the bars, derived from the mechanical arrange-

ment provided, causes this travelling of the fuel towards the
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back. Instead of the bars being drawn forward piecemeal and

all sent back together, which involves somewhat complicated

mechanism to effect, it is found that by having them on the

FIG. 21. Section of Proetor's Stoker.

BARS.

A. Grate bars. B. Rocking shaft. C. Slotted lever. D. Face plate. E. Bowl and
Steed. F. Steam bridge. G. Ashpit door. H. Jet pipe. J. Rocking shaft

brackets. K. Bar motion shaft. L. Steam pipe to steam bearer. M. Steam
valve. N. Ashpit. 0. Ashpit door chain. P. Steam bridge bracket. Q. Top
chain wheel. R. Bottom chain wheel. S. Chain for drawing bars. T. Clutch

box. U. Bar shaft brackets. V. Brick bridge.

slope, and by moving every alternate bar, there is a much

greater chance of preventing the bars from becoming soldered

together and keeping the air spaces free, and, at the same time r
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the fuel is carried along as may be desired. The bars rest on

a bearer, which is provided with an arrangement of steam jets

for keeping the bar ends cool, so as to allow of an active fire

being kept up the whole length of the bars without fear of

burning the backs down. Without this steam bearer the fire

has to partially burn itself away before getting to the back,

and so reducing the duty of the back ends of the bars. Very
little steam is used in the bearer, being just sufficient to keep
the bars cool without blowing up the fire. The traverse of the

bars can be adjusted, and also the speed of movement.

The effectiveness of this arrangement of Messrs. Proctor

is proved by the large number at work, some eight thousand

having been supplied ; and, as regards smoke, ample proof

of smokelessness is given in the results of the Paris Smoke

Trials, which will be referred to later. In this connection it is,

sufficient to say that Messrs. Proctor shared with a continental

maker the highest prize given for combined efficiency arid

smokelessness.

Two views of this stoker are shown in Figs. 20 and 2K

THE MELDRUM " KOKER "
STOKER.

This stoker, of which a front view is shown in Fig. 22, is

the latest form of coking stoker, and contains some features

which may be expected to give it a distinct advantage over

others of this class. . The forced-draught grate made by Messrs.

Meldrum has already been described and illustrated, and it is

the application of this forced draught to a coking stoker of

new design which constitutes the improvement. In all coking

stokers, where a forced draught is not in use, the weak point

is the comparatively low duty, that is to say, the amount of

water evaporated in a boiler of given size is low as compared

with the evaporation given in hand-fired boilers, especially

where forced draught is in use, although the combustion may
5
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be, and generally is, perfectly smokeless. With the object,

therefore, of maintaining a high boiler duty, combined with

a smokeless chimney, Messrs. Meldrum have designed a coking

stoker, and to it they have applied their system of forced

draught.

FIG. 22. Front elevation of "Koker" Stoker.

The view in Fig. 22 shows the application of this stoker

to a Lancashire boiler. It will be seen that below the front

casing of this stoker, which is not unlike that of other makes

in general appearance, are four circular pipes coming upwards

from the floor. These are the blower pipes, in which the cur-
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rents of air are led beneath the furnace bars, after being in-

duced by the steam jets. By having a closed ashpit in this way,

and maintaining in it an air pressure, and at the same time

using fire bars between which the spaces are very small, cheap,

.small coal can be used, the combustion can be forced, and the

evaporation very much increased.

With regard to the mechanical details, the makers contend

that the ram or pusher working on a pivot requires much less

power to work it than is necessary with the sliding ram used

in many stokers of this kind, and that the arrangement for

adjusting the rate of feed has the advantage that it can

be increased or diminished without stopping the machine.

Another point which is emphasised is that the bars and cams

are so designed as to have fully double the usual wearing

surfaces, which gives them greatly increased life.

A distinct feature of this stoker is the fact that two sets of

blowers are used, one below as described and the other above

the fire. These latter drive the air vertically downwards

behind the fuel hopper, whence it passes into a space between

the fire door and a grid forming the front of the grate, pro-

vided with small narrow openings between vertical bars. This

admission of forced air behind the heap of green fuel very

greatly assists the coking and makes it more certain. The

air pressure below the bars varies from f inch to 1J inch of

water by the gauge. The pressure of the top jets is generally

arranged so as to be slightly greater than that below the bars.

The bars themselves carry the fuel forward in the usual

way, but, instead of being given a slight vertical motion

as well as a longitudinal one, as in some other cases, the top

edges of the bars are made wavy, with the crests of the one

bar coming opposite to the troughs of the next. By this

device the bar movement is made simpler and less expensive,

and, at the same time, it is quite impossible for clinkers to

become attached to the bars. A section is shown in Fig. 23.
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Several full efficiency tests of boilers fitted with these

stokers have been made, and the following figures, which

FIG. 23. Section of " Koker " Stoker.

have been extracted from the results of these, are instructive

as regards the working of this form of mechanical stoker :

AVERAGE RESULTS OF TESTS WITH "KOKER" STOKERS.
(The duration of each test was eight hours continuous running.)
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The following are some more recent figures obtained from

tests of
" Koker "

stokers. Several figures are given here

which do not occur in those above :

Test of a Lancashire boiler, 34 feet by 7 feet 6 inches,

fitted with " Koker "
stoker, with forced draught (April,

1900) :

Duration of trial 6 hours

Grate area in square feet ..... 36

Mean steam pressure, pounds per square inch . 62

Water evaporated per Ib. of coal at and from 212 9*8 Ib.

C02 in flue gases . 14-16

The fuel was White Moss slack.

It will be noticed that the percentage of CO., is high. This

was obtained purposely in order to render the gases suitable

for use in a chemical process.

Test of a Lancashire boiler, 30 feet by 8 feet, fitted with
" Koker "

stoker and forced draught :

Duration of trial 8 hours

Grate area in square feet .... 35*75

Average evaporation per hour in gallons . 1112-5

. Fuel fired per square foot of grate per hour . 44-7

Evaporation per pound of fuel (actual) . 7-11

Average pressure in ashpits .... 2 in. water

Average pressure above the fires . . . f in. water

Average steam pressure in pounds per sq. in. 97

The kind of fuel used was Durham rough slack.

Test of a Lancashire boiler, 24 feet by 8 feet, fitted with
" Koker "

stoker and forced draught :

Duration of test 7 hours

Average evaporation per hour .... 10,090 Ib.

Fuel fired per square foot of grate per hour . 39*27

Evaporation per pound of fuel (actual) in pounds 7 '17

The kind of fuel used in this test was Durham rough small

at 16s. per ton delivered.

Messrs. Meldrum also say that this stoker is in successful

operation burning ordinary gasworks breeze, with very little
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FIG. 25. Application of " Koker" iStoKer to 5aoouoiv
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trouble in attention and cleaning out. In one case a " Koker "

stoker is fitted to one of a range of boilers and burns up the

cinders that fall, through the bars of the remaining mechanical
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stokers with which the other boilers are fitted, there being a

certain amount of unburnt fuel in the cinders which it is found

worth while to make use of in this way.

FIG. 27. "Koker" Stokers on Lancashire Boiler.

In Figs. 24, 25, 26 and 27 are shown photo views of

Meldrum's " Koker "
mechanical stoker.
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JUCKES' FURNACE.

This is in reality a coking stoker, built on rather original

lines. A sectional view of the furnace, when applied to a

brewer's copper, is shown in Fig. 28. It will be seen that the

whole of the grate is supported on a movable truck or trolley :

the object of this arrangement being to make it easy to take

the grate out of its place for purposes of inspection and repair.

The manner of working is as follows : A hopper is provided at

the front of the furnace, marked S in the figure, and into this

is thrown the fuel which is to be burned. The extent of the

feed can be regulated by a hand wheel, marked in the

figure. The fuel falls from the hopper on to the grate bars

immediately at the front end of the grate. The novel feature

of this device lies in the arrangement of the grate bars them-

selves. These are simply a number of bars or links so jointed

together as to form a broad, flat, endless band, which passes

round two drums or tumblers at the ends of the truck, as will

be seen in the illustration. By means of the belt-driven

mechanism at the front of the furnace, this band, which forms

the grate, is kept in continual motion, the top surface always

moving from the front towards the back. The speed of the

grate bars can be varied from fifteen to twenty feet per hour,

as may be wished.

It w'ill be seen that this grate is simply a coking stoker, in

which the backward movement of the fuel is obtained by a

continuous movement of bars in the form of an endless chain,

instead of by means of a reciprocating motion, as in the

case of most other coking stokers. This furnace has been

applied to steam boilers in much the same way as shown. It

can also be used for burning refuse and very small stuff. Like

other coking stokers of the more usual form, this furnace would

probably be unsuitable for use under a boiler whose work is

intermittent, and is most suitable for steady and uniform work.

This furnace is said to be perfectly smokeless.
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THE MURPHY FURNACE.

This furnace, which is very largely in use in the United

States, has been recently introduced to this country, and

promises to give very good results when applied to any kind

of boiler, both as regards economy and smokelessness. It is a

FIG. 29. Cross section of Murphy Furnace.

mechanical stoker differing in many important points from any
of the mechanical stokers of the ordinary type in use in this

country. It is said to be especially adapted for use with small

sized bituminous coal and slack. The furnace itself is enclosed

in brickwork with an iron front, and is placed externally to the

boiler to which it is applied in the case of tubular and internal

flue boilers, and underneath in the case of water-tube boilers,
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such as the Babcock and Wilcox. A good idea of the general

arrangement of this boiler will bs obtained by an inspection of

Fig. 29, which represents a transverse section through the

furnace, which, in this case, is applied to a horizontal tubular

boiler. It will be seen that the bars, of which a side view is

obtained, are set at an angle of about forty degrees with the

horizontal, in two sets, each of which slopes down towards the

centre, where there is an opening, through which the ash and

clinker are allowed to escape. At the top of each slope is a

fuel magazine, running the whole length of the furnace, and

into which the fresh fuel is fed. At the bottom of each of

these magazines there is a casting, forming the coking plate,

against which the tops of the grate bars rest. On this coking

plate rests a box, which has a reciprocating motion, the move-

ment being given to it by means of a pinion and rack. The

speed of this movement can be regulated to suit the speed of

combustion which is desired. As the box moves forward it

pushes some of the fuel resting on the plate, having fallen

there from the magazine. As the fuel rests on the bottom of

the magazine, which is formed partly by the coking plate and

partly by the pusher box, the heat at that point is sufficient to-

start the coking process, and the hydrocarbons begin to come

off from the coal at once. The effect of the movement of the

pusher is to deliver at each stroke some of this partly coked

coal on to the higher ends of the grate bars. Immediately
over the coking plate is the arch plate on which rests the end

of the firebrick arch, forming the top of the furnace. Where

the firebrick comes in contact with the arch plate, ribs are

provided an inch apart, forming the skew-back on which the

arch rests. The spaces formed by these ribs are air passages.

The air is admitted and allowed to pass over the arch in flues ,

and, on its way, takes up heat from the front, arch, and arch

plate, and, passing downwards through the openings as shown
,

provides the oxygen necessary for the proper combustion
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of the volatile gases. An addition tojthe economy is produced

by reason of the heating of. this air before it is admitted. It is

to be noted that this admission of the heated air to the hydro-
carbons as they come off from the fuel is one of the causes

of the smokelessness of this furnace. The air supply can

FIG. 30. General view of Murphy Furnace.

be regulated to a nicety, and just sufficient admitted at all

points along the line formed by the top ends of the bars as is

necessary for perfect combustion and absolute freedom from

smoke. By the time that the pusher plate has caused the fuel

to reach the fire bars, all the gaseous part of the fuel has been

driven off' and burnt, and what remains is unconsumed carbon,
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whose combustion is smokeless. The necessary quantity of air

for burning the coke passes up through the bars in the usual

way. The grate bars are kept constantly in motion by means

of a small steam engine, and the burning fuel is gradually
worked downwards, and reaches the bottom of the bars as ash

and clinker. The latter is broken up by an automatic breaker,

consisting of a slowly revolving shaft studded with teeth.

All the mechanical motions are derived from a reciprocating

bar on the outside of the furnace front, and this is so arranged
that any one motion can be disconnected from the automatic

bar and worked by hand. Fig. 30 gives a general view of

the outside front of this furnace, and Fig. 31 shows it applied

to a Galloway boiler.

As a result of some very complete tests by Professor

Ripper, of Sheffield, the following are some of the general

conclusions deduced :

1. The furnace is capable of burning the cheapest coal

smokelessly.

2. The prevention of smoke is due to the following special

points of construction :

(a) The length of the opening through which the green

coal is fed to the furnace is more than five times

that available with the usual arrangement of furnace,,

thereby spreading the fresh coal over a large area in

a thin layer.

(6) The combination with the above of a mass of hot

brickwork, and a hot air supply at the point where

the smoke-making gases are being distilled off from

the green coal, thus securing complete combustion.

3. The adoption of inclined bars increases the effective area

of the grate by 25 per cent, over that of the hori-

zontal fire, hence the capacity of the furnace for

steam raising is considerably increased.

4. The automatic removal of clinker and ash saves labour,
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and obviates the necessity of opening the furnace

doors for its removal.

5. The labour attending the furnace is small.

6. The cost of evaporating 1 ,000 Ib. of water, with fuel at

3s. 6d. per ton (the price of the fuel used in this furnace

for these tests), is 2|d., which, reckoning 30 Ib. of

steam per I.H.P. per hour, is equivalent to 12 H.P.

per Id.

The above are a few of the conclusions expressed in Pro-

fessor Ripper's own words as they stand in his report, and may
be taken as distinctly favourable to this furnace, both as a

.smoke burner and non-emitter of smoke, and also as an econo-

mical furnace, capable of using the cheapest kind of fuel.

It will probably be found that the chief objection raised to

the adoption of the furnace in this country will be that owners

of boilers will be reluctant to go to the expense and trouble

of building a furnace which is quite external to the boiler.

This, of course, would not apply to boilers of all types.

APPLICATION OF THE MURPHY FURNACE TO A

WATER-TUBE BOILER.

In Fig. 32 is shown a view of a Murphy furnace as

applied to a water-tube boiler. This illustration, besides

.showing the application to this particular kind of boiler, serves

to give a very good idea of the internal appearance of the

grate. The makers of the furnace, Messrs. Donkin & Clench,

consider that the Murphy furnace is most suitable for boilers

of this kind, there being no necessity in such cases to build a

special casing for the furnace outside the boiler.

UNDERFED MECHANICAL STOKER.

A stoker made by the Underfed Stoker Company has been

recently introduced, and is said to be meeting with a consider-

6
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able amount of success. The fire bars form two flat slopes

rising upwards towards the centre of the grate. The general

shape is not unlike that of a ship's skylight. The bars are

flat and lie in position similarly to the slates of a roof, except
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that there is a space between each pair of bars through which

the air can pass upwards from the ashpit below the fire. Small

coal is fed into a hopper, which is necessarily placed low down

on the front of the boiler. The fuel falls direct on to the back

end of a conveyer worm at the bottom of the hopper. This

worm is conical in shape, decreasing towards the back of the

grate, the pitch decreasing also. It lies in a conical space

below the centre of the grate. The coal is carried along, and

is made to rise upwards through a longitudinal slit which

traverses the whole length of the grate in its centre. The

graduated diameter and pitch of the worm cause the coal to-

rise uniformly throughout the whole length of the grate. As.

the fuel rises to the centre of the grate the heat starts the

coking action, the volatile gases pass upwards through the

incandescent fire, and are mixed with the air which is forced

upwards by a fan between the bars. As combustion proceeds

the coked fuel falls down the bars to the ash trough at the

side, where all the unburnt incombustible matter in the

fuel is deposited. The worm is rotated and a slight lateral

movement given to the bars by mechanical means. This

furnace is said to be smokeless in its working.

GENERAL CONCLUSIONS WITH REGARD TO MECHANICAL

STOKERS.

It must not be supposed that mechanical stokers are equally

applicable to all cases. Where the plant is large, and the

number of boilers large also, a system of mechanical stoking

may be expected to yield the best results. Generally speaking,

cheaper coal can be used in a machine stoker than is the case

with hand-firing without forced draught, and in this direction

a considerable saving can often be effected. Then, again, in a

large installation it is possible to arrange for some general

system by which the hoppers of the stokers can be supplied
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without the necessity of shovelling by hand, and in this also

a large saving of labour can be attained. Less attention is

required than is the case with hand-fired furnaces, because

a great part of the feeding is done automatically ; though, at

the same time, a certain amount of attention is needed for such

purposes as seeing that the air supply is properly adjusted,

regulation of the feed, cleaning out the ashpit, and general

supervision of the mechanism. In Mr. Hales' report, which

is given in a later chapter, some important figures will be

found, giving the amount of labour required under certain

conditions.

Where the installation is small it will not in most cases

pay to use a mechanical stoker, unless it is one of the forced

draught type. If there is difficulty in avoiding smoke with

hand-firing, then a coking mechanical stoker will be found

useful.

Regarding the respective advantages of sprinklers and

cokers, the facts are briefly these :

A sprinkling stoker will as a rule produce more steam than

a coker, and can be used to force the boiler somewhat, but

most sprinklers are productive of smoke. Cokers, on the other

hand, are much loss capable of being forced, and will not readily

yield to fluctuations in the demand for steam, but they are

smokeless in their working, which is of great importance.

For large plants and for uniform steaming there is no doubt

that coking mechanical stokers provide the most satisfactory

method of firing from all points of view, and, probably, those

which are combined with forced draught and which have a

partial sprinkler arrangement in addition to the movable bars

are the best. From a smoke point of view the Murphy furnace

is perfect, but it has the inherent disadvantages which have

been mentioned, but which may be overcome in the future.
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POWDERED FUEL FIRING.

MANY attempts have been made to perfect a method of supply-

ing the coal to a boiler furnace in a finely divided condition.

By feeding the coal in this way an ideal state of things is

attained, each particle of coal being very small, and surrounded

by just enough air to totally consume it. The air supply can

be so regulated as to give exactly the necessary amount of

oxygen, and no more, and at the same time no smoke need be

produced and no unburnt CO sent up the chimney.

The first to attempt this burning of dust fuel was Crampton,
who worked persistently at it from 1868 to 1873, and, after

spending a large sum of money on the experiments, failed to

attain any lasting success. Crampton ground his coal and

drove it into the combustion chamber by means of a blast.

His chief difficulty appears to have been failure to obtain a

satisfactory refractory substance with which to line the

furnace
;
the temperatures attained were extremely high, for

the reason that the heat generated by each particle of coal is

concentrated in the CO.
2 resulting from combustion and the

nitrogen, and there is little carried away by excess oxygen.

THE WEGENER SYSTEM OF POWDER FUEL FIRING.

During the last ten years several systems have been

brought out and used, chiefly in Germany, for the utilisation
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of fuel in the form of finely divided powder. Of these one of

the earliest to be used was the Wegener device, and this was

followed by the Schwartzkopf and the Friedeburg processes.

The process used by Wegener is not an elaborate one. Briefly

it is this :

Powdered coal, or other fuel which is capable of being

reduced to powder, is brought in sacks to the furnace, and each

sack as it is required is emptied into a large hopper, at the

conical bottom of which is a screen with about a 60-to-the-

POWDERED COAL

AIR /

FIG. 33. The Wegener System of burning Powdered Coal.

inch mesh. This sieve is being constantly shaken by an auto-

matic agitator, which is worked from a fan in the air trunk,

so that there is no tendency for the powder to get clogged on

the sieve. After passing through the sieve the powder falls

towards the upcast air trunk, where it meets the current of air,

in which it is carried or floated round a right-angled bend, and

in a horizontal direction, into the boiler furnace. When ap-

plied to a Lancashire or Cornish boiler 'the mixed air and coal

are carried into the flue tube through a circular pipe about
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nine or ten inches diameter, entering the flue near the top.

The flue is lined with fireclay to a thickness of an inch, and

for several feet inwards, the object of this lining being to pro-

vide an incandescent surface to promote combustion, and at

the same time to protect the interior of the flues from the in-

tense heat generated during combustion. An extra air supply

is provided near the point where the fuel and air enter the

furnace. This air supply can be regulated at will, as also can

the main air current which meets the falling powder. The

cost of powdering the coal, which can be effected in any kind

of disintegrator or pulveriser, is stated to be about ten per

c^nt. of the cost of the coal, which may be said to compensate

for the reduced price of the kind of coal which can be made

use of.

In the case of an installation of this kind in use at the

Bermondsey Works a saving of twenty per cent, is reported

to be effected over ordinary hand firing.

A diagrammatic sketch of this arrangement is shown in

Fig. 33.

WHELPLEY AND STORER'S SYSTEM.

This system, in use in the United States in the early

eighties, has met with a considerable amount of success, more

especially in connection with metallurgical work. The manner

of introducing the coal into the furnace is somewhat similar

to that of the Wegener system, but instead of grinding the

coal and then sending it into the furnace by means of a sepa-

rate arrangement, the grinding and feeding are done in one

operation. A machine, called an atomiser, is placed just above

the front of the furnace, and receives the coal, preferably in

th-3 form of coarse slack. This enters a hopper, from which it

is supplied by means of a revolving feed arrangement into the

first atomising chamber. In this chamber six flat beaters re-

volve at a high speed, and the coal is reduced to smaller pieces
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by striking against fixed ribs on the inside of the chamber, as

it is carried round by the rotary current of air, and also by the

mutual attrition of the pieces of coal. Near the centre of this

first chamber is an opening leading into the second chamber,

and the smaller and lighter particles are carried into this by
the current of air as it passes through the machine. In this

way the coal is gradually reduced in size by passing through
two or more chambers, until it reaches the last, in which the

beaters act as fan blades and deliver the fine dust to the fur-

nace by floating it in with a current of air, each particle being

surrounded by an enclosing envelope of air. Between the last

grinding chamber and the fan chamber is a fine wire screen,

which prevents any but the smallest particles from passing

through.

When the coal dust leaves the machine it passes along a

short cast-iron pipe, which is circular to start with, but is

flattened out at the furnace end to a long horizontal slit
r

about | of an inch wide and 12 inches long for a 2 foot 9

inch flue of a Lancashire boiler. Out of this pipe the fuel

enters the furnace, the pipe at this point being surrounded

with a water jacket to prevent burning.

The combustion chamber itself is circular or elliptical in

section and slightly reduced in section at its back end, like

the mouth of a Bessemer converter. It is lined with firebrick
T

and provided at its front end with a fire grate placed below

but opening into it, in order to heat the inside of the chamber

when the furnace has to be started.

A sectional view of a furnace after this pattern, designed

oy the writer, is shown in Fig. 34.

Before the burning of the dust fuel can take place a fire

must be lit on the grate, and kept going for a short time in

order to render the interior of the combustion chamber suffi-

ciently incandescent to ignite the dust as it enters. When this

is done, the machine is started, and the coal floated in
; ignition
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immediately takes place, and the whole of the combustion

chamber is filled with a mass of flame, produced by the burn-

ing of the gases of the coal and by the incandescent carbon.

The only products of combustion are the resulting gases and

the diluting nitrogen, and there is not, as in the case of an

ordinary open furnace, a large quantity of heat carried away

up the chimney by the excess air which has to be admitted

in that case.

FIG. 34. Dust-fuel Furnace.

Some years ago the author took part in a number of ex-

periments on the firing of furnaces on this system. The

method was applied to an open reverberatory furnace, and

also to a two-flued Lancashire boiler. The following conclu-

sions were drawn from these tests :

1. The combustion of the coal in a long open firebrick

furnace was exceedingly good, a perfectly even, uni-

form white-hot flame being produced, the tempera-

ture being somewhere in the neighbourhood of 2,700

Fahr.

2. The flame was from twenty to thirty feet in length.
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3. By properly adjusting the supply of air and coal, abso-

lute freedom from smoke resulted.

Owing to faulty design of- the combustion chambers, the

experiments on the boiler were not so successful, and further

experiments were abandoned.

Experiments in America would seem, however, to have

been more successful in the application of dust fuel for the

purpose of raising steam. The boilers used in America were

mostly externally fired boilers, and a larger incandescent

surface was provided for the purpose of maintaining the

combustion.

It is evident that this burning of coal in the form of dust

has two distinct advantages over the old method of combustion.

In the first place, a cheaper kind of coal can be made use of

than heretofore
; secondly, the conditions result in a higher

temperature in the furnace : and, consequently, a larger amount

of heat transmission, and there is less waste heat carried away
in the flue gases.

Against these must be reckoned several disadvantages.

The author found that with damp or bituminous coal the

passages and the machine had a tendency to become clogged,

the power required to drive the machine was considerable, and

must be reckoned against any saving effected. It is a distinct

disadvantage to have to bring the combustion chamber to a

state of incandescence before starting the feeding ;
the wear

and tear on the boiler will probably be greater than with

ordinary hand or machine firing ;
and the dust from the gases

accumulates, and is a source of trouble.

Probably the most successful working of a system of dust

fuel firing would be where there were a large number of boilers

working continuously or nearly so.
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GASEOUS FUEL.

OASEOUS fuels are of three kinds : namely, natural gases, such

.as those found at Pittsburgh ; producer gas, made by passing
air or air and steam through burning fuel

;
and bye-product

gases, resulting as waste products from special processes, such

as coke-making and the destruction of refuse.

SIEMENS AND WILSON GAS PRODUCERS.

These, among the earliest gas producers, are made to yield

a combustible gas by allowing a current of air, moistened by

steam, to rise through the incandescent coke left from the

distillation of the coal supplied ;
the coal is fed in near the

top of the producer, and the hydrocarbons are driven off from

the green fuel by means of the heat generated by the imperfect

combustion or oxidation of the carbon going on in the lower

layers of the fuel. The CO and H produced by this action of

the air and steam on the incandescent coke are mixed with

the hydrocarbon gases, and the mixture is the producer gas

required. For some purposes this gas may be used at once

in its original state, but for other uses, such as for gas engines,

it is absolutely necessary for all tarry matter to be eliminated.

The gas generated in these producers may be carried to boiler

or other furnaces, and burned directly, the chief requisite being

So careful attention to the air supply in order that the whole

of the combustible matter may be consumed, and, at the same



\)'2 THE PREVENTION OF SMOKE.

time, there may be a minimum of waste heat carried away

by excess air and nitrogen.

DOWSON PRODUCER GAS.

This gas is primarily intended for use in gas engines, and

for that reason only coke, charcoal or anthracite coal are used,

in order that there may be no tarry matter in the gas. The

Dowson producer has open grate bars at the bottom, and a

draught of air is carried upwards through the incandescent

fuel with superheated steam, which is supplied from a small

auxiliary boiler. The oxygen of the air and steam combine

with the carbon of the fuel to form CO, which passes upw
rards

and leaves the producer along with the hydrogen from the

FIG. 35. Dowson Gas Plant.

steam, the two together forming the Dowson Gas. This gas
has been very largely used, especially for gas engine work. It

is also used for a great number of cases where heat is required

for specific purposes in an easily controllable form, such as

minor metallurgical operations, baking, laundry work, etc.

For use in boiler furnaces it has not so far been found that

there is any economy to be gained by burning gas in the place

of solid fuel, though the combustion is perfectly smokeless.

On Fig. 35 is shown a diagrammatic sketch of a Dowson

generating plant. Beginning at the left hand side of this

sketch and proceeding to the right the whole process can be
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followed out in the proper sequence of stages. The steam

boiler used for generating the superheated steam is marked A.

This steam is shown as coming into the bottom of the generator,

B, below the grate bars. The steam and a little air pass up-

wards through the incandescent zone in the generator, along

the pipe shown to the hydraulic box, C, where the tar is

removed from the gas. From here the gas is passed through

two other cleaners, namely, the coke scrubber, D, and the

.sawdust scrubber, E, whence it is taken into the gas holder,

F. The writer is indebted for this sketch to a paper by Mr.

Dowson on " Gas Power," read before the Cleveland Institution

of Engineers.

It is also stated in this paper that from 1877 to 1897 there

were sold by the Gasmotoren Fabric of Deutz, and by Messrs.

Crossley Brothers, of Manchester, a total of 62,961 gas engines,

having a collective brake horse power of 521,652. Also during

1898 Messrs. Crossley alone sold 2,971 engines. These figures

convey a very definite idea of the large number of gas engines

that are now being used in place of small steam engines. Of

course these figures do not include the large number of engines

made by other firms. Apart from other conditions, the cost

of running a gas engine of small power, say twenty horse power,

with ordinary illuminating gas is greater than that of a steam

engine of equal power, but there are many points of conve-

nience which make a gas engine preferable to a steam engine

for small powers. If, however, the power required is large,

and a plant is laid down for generating a cheap gas from coke

or coal, the advantage is on the side of the gas engine. Mr.

Dowson gives the total efficiency of a steam engine plant under

what he calls the "
practical best

"
conditions as 1O5 per cent.,

and for the
"
practical average

"
as only 5 per cent.

;
on the

other hand, the corresponding figures for a gas engine are

respectively 24'6 and 15 per cent., showing that, regarded as

a heat engine, the gas engine has much the greater advantage.
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At the present time gas engines are being made to work with

generator gas for powers up to some hundreds of horse power,

and this mode of working may be expected to greatly increase

during the next few years.

ROUTING'S PRODUCERS.

In these, blowers are used, consisting of steam jets carry-

ing into the fuel large quantities of air at a low pressure.

The bottoms of the producers are closed, and the steam and

air are blown in at one or more places. By this arrangement

the quantity of gas produced in a given time is much greater

than in the case of open bottom producers. By making the

producer sufficiently high the amount of CO.
2 produced may

be reduced to a minimum.

COKE-OVEN GAS.

The old-fashioned method of making coke is rapidly giving

place to more economical methods. In the old beehive coke-

oven which is still largely used the carbonisation is effected

by allowing a little air to penetrate the interior of the oven,

and the combustion effected by this air is sufficient to effect

the volatilisation of the remaining hydrocarbons. In ovens

of this type the hydrocarbons, as they are driven off, are

allowed to escape into the atmosphere, where they burn with

a luminous flame, and all the heat so generated is wasted. In

the more modern ovens the coking is effected in closed retorts,

the only openings being those through which the hydrocarbons

escape as they are driven off. These gases are carried away
in a hydraulic main, in which the tar is deposited. The oils

in the gases are also recovered, as well as the ammonia, by

passing the gas through scrubbers. The purified gas can now

be used, some of it to be burned under the retorts, in order

to drive off the hydrocarbons, and the remainder may be
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burned under boilers in order to raise steam. The writer

recently inspected a coke plant of this kind. Excellent coke

was produced, a large amount of tar and ammonia was

recovered, 'and sufficient heat developed to raise the steam

necessary for driving the engines and pumps used in the

process. Of course it is hardly necessary to say that the

chimney was smokeless, except during the few minutes in

which the ovens were being fed.

The following analyses of coke-oven gases have been kindly

supplied to the writer by Mr. F. Grover, of Leeds. They were

taken from ovens of the ordinary beehive type under slightly

different conditions of working.

TABLE V. ANALYSES OF COKE-OVEN GASES.
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BLAST FURxACE GAS.

A combustible gas is sent off from the top of blast furnaces,

and may be made use of for any purpose where a gaseous fuel

is required. Its composition is given in the following table.

GAS FROM REFUSE DESTRUCTORS.

At the present time refuse destructors are being largely

used for the purpose of burning town rubbish, and the gas

given off from the heated refuse is a combustible gas, which

in some systems is taken, by means of a pipe, and burned under

the retorts or cells with the addition of a secondary air supply.

The gas is not a rich one, but is sufficient for the purpose. In

many cases, also after combustion, the flue gases are taken

under boilers for the purpose of raising steam.

The following are some analyses of gaseous fuels :

TABLE VI. TABLE OF ANALYSES OF GASEOUS FUELS.
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THE PRODUCTION AND USE OF MONO GAS.

Before the introduction of the Mond process of generating

producer gas, in no case had a successful attempt been made

to recover any of the by-products of the process, more especially

the ammonia, and all the gas for motive power purposes

FIG. 36. Mond Gas Producer.

had of necessity to be made from either coke or a coal con-

sisting for the most part of carbon, generally anthracite. In

the Mond process, however, gas suitable forj either fuel or

motive power purposes is made from cheap bituminous slack,

and at the same time the ammonia is recovered and can be

sold at a profitable rate.
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The method of making Mond gas in use at the works of

Messrs. Brunner, Mond & Co. is interesting and important as

bearing on the more smokeless forms of boiler furnace, and

may be gathered from the following brief description.

A diagrammatic representation of the arrangement of the

producer is shown in Fig. 36. The slack is conveyed me-

chanically, by means of an elevator and creeper, to a measuring

hopper, whence it is dropped by the attendant in definite

quantities into the hopper of the producer. The producer

itself is constructed of wrought iron, and is made with two

walls, an inner and an outer wall. The top is domed and the

bottom is made conical, with the apex of the truncated cone

pointing downwards. A firebrick lining is supplied to the

inner wall for about two-thirds of its height, and, reaching

a little way down the conical bottom, the domed top is lined

with firebrick also. The immediate top of the producer,

through which the fuel is fed, is closed by a valve, which can

be operated by the attendant when a new supply is required.

From this valve the coal falls into a large cast-iron bell-shaped

vessel, open at the lower end. The fuel remains in this vessel

for some time, and, as it is surrounded by the hot gas coming

off from the hotter fuel below, the fresh coal is distilled and

the hydrocarbons driven off. The gases, as they come off, have

to pass downwards into and through the hot zone, and in

this way the tar is converted into fixed gas. A mixture

of steam and air passes downwards between the walls of the

producer, is heated in so doing, and passes through the fire

bars at the bottom of the producer, upwards through the

incandescent fuel, and a gas is produced by the passage of the

steam and air through the incandescent fuel, consisting largely

of H and CO. The ash collects at the bottom of the producer,

and the top of the heap closes the opening.

When the combined gases pass off from the producer, they

are at a high temperature, and are taken through a regenerator,
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consisting of a number of double vertical tubes. The hot

gases pass along the inner tubes, and give up some of their

heat to the air and steam which are traversing the outer tubes

in the opposite direction on their way to the producer. The

gases next pass through a "washer," where they are further

cooled by intimate contact with water spray produced me-

chanically. They then pass upwards through the "
acid tower,"

where they meet a downward stream of acid liquor, con-

FIG. 37. Application of Mond Gas to Babcock Boiler. 3

sisting of dilute sulphuric acid, which is passing downwards

through a mass of chequered brickwork. Here the gas is

deprived of its ammonia, and, passing through another cooling

and cleaning tower, goes away to be used in the furnaces or

gas engines, as the case may be. Fig. 37 shows the applica-

tion of the gas to a water-tube boiler.

In a description of the plant by Mr. Humphrey in 1897 it

is stated that the cost of the fuel at the works was 6s. 2d. per
ton. The gas produced had a calorific value of 81 per cent.
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of the calorific value of the original fuel, and, in the water-tube

boiler used, gave an evaporation of seven, pounds of water per

pound of fuel. It is further stated that, comparing it with

direct firing, about 1'15 ton of coal slack in the producers

is equivalent to one ton when used on open grates in the

usual way, but the advantages of the former method over the

latter, as regards the smaller quantity of air required and

the cost of labour and repairs, bring the two systems more on

a level. Moreover in the Mond process the sale of the ammonia

produced covers the cost of the fuel used, so that in this case

the power is produced at the cost only of the labour and

interest on the first cost of the plant. Of course it must be

remembered that this is a large plant, and in case of smaller

installations the advantage could not possibly be expected to

be so great.

In the following table is given again the composition of

some of the best known producer gases in order to compare

these with Mond gas.

TABLE VII. COMPOSITION OF VARIOUS PRODUCER GASES.

(From Humphrey on Mond Gas. I. C. E., cxxix.)

Gas.
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as for driving the machinery of factories or the generation of

power in central stations for electric distribution, and in order

to make his points clear, he takes an imaginary case of

a factory requiring 10,000 horse power continuously. The

power is supposed in this case to be derived from gas engines

provided with gas from a Mond producing plant placed in

a position adjacent to the factory. The whole of the 10,000

horse power is to be used to drive dynamos which give out

7,000 horse power at their terminals, for transmission to various

parts of the factory. Mr. Humphrey estimates the cost of the

gas generating and recovery plant as about 20,000, and that

of the engines and dynamos with the necessary buildings and

accessories as 120,000. On this basis, and supposing the

works to be run day and night, the cost per electrical horse-

power-hour is estimated at 0'137d. Such a case as the above

would be found in works where electrolytic processes were being

carried out.

At the present time (March, 1901) a very interesting

scheme is on foot to produce Mond gas in large quantities in

a central station in Staffordshire, and to distribute this by
means of pipes, for use at various points in the surrounding
district for combustion in metallurgical furnaces and for

driving gas engines. The scheme is particularly interesting

in connection with the smoke question, because it marks the

first real step taken in the direction indicated by the writer

in a later part of this book, towards the centralisation of power
and gaseous fuel production.



CHAPTER VI

THE TESTING OF BOILERS, AND SMOKE OBSERVATIONS.

WHEN a full test is to be carried out in order to discover the

suitability or non-suitability of a smoke-preventing appliance,

it is necessary not only to take smoke observations of the

chimney top, but, at the same time, to rigidly test the boiler

as regards its efficiency as a supplier of steam during the time

the smoke appliance is in use. This is needful because it is no

use fitting the boiler with some form of furnace which will

burn the fuel smokelessly, at the cost of a very much reduced

efficiency. A factory owner will not sacrifice the usefulness of

his boilers in order to have a smokeless chimney, at any rate in

the present state of the law on the subject, because in a great

many cases it is found cheaper to pay the periodic fines that

are imposed than to go to the trouble and expense of making
radical alterations in the arrangements for consuming the fuel.

In a boiler test carried out under these conditions, the main

point to be determined is the efficiency of the furnace as an

economical fuel consumer, which is at the same time smokeless,

rather than to test the boiler as a whole. The observations

which are required are, apart from the smoke tests

1. Measurement of the quantity of fuel used during the

test.

2. Measurement of the quantity of water supplied during
the test.



TESTING OF BOILERS, AND SMOKE OBSERVATIONS. 103

3. The pressure of the steam generated.

4. Temperature of the feed water and of flue gases.

5. Analysis of the fuel.

6. Calorimetric determinations of the heating power of the

fuel.

7. Analysis of the flue gases.

CARRYING OUT A BOILER TEST.

When it has been decided that a test is to be made on

a given boiler, all the apparatus used in the measurements

is to be got ready and full instructions given to the several

observers taking part in the trial. The duration of a boiler

trial should be as long as possible, in order that any errors as

to the amount of fuel on the grate bars at starting and stopping

the trial may be reduced to a minimum. The trial should be

continuous for ten or twelve hours. Where smoke observations

are to be taken simultaneously with the other measurements,

it will be found impossible to make the trial so long as this

in winter, when the darkness will interfere with the smoke

observations, and it is therefore well to choose a time when

the days are longer.

Another important point to be observed is that the boiler

should be in use under the conditions of the trial for some

hours before the trial, in order that the flues may have arrived

at their normal temperature when the test begins, so that no

heat need be lost in warming up the flues.

When the trial is to commence, the fires, though fully

working, should be as low as possible, the depth of the fuel

on the bars being noted by seeing the number of bricks covered.

Also the height of the water in the gauge is to be noted at the

moment of starting. The test now begins, firing and feeding

being carried out in the normal manner, the quantity of fuel

and water as well as the temperature of the latter being noted

as the trial proceeds. Periodic readings must also be taken
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every five or ten minutes of the height of the water in the

gauges, the pressure of the steam by the steam gauge, the

temperature of the flue gases as they leave the flues for the

chimney, and as many analyses of the flue gases as it is possible

to make in the time. As regards these latter the samples may
either be collected and analysed individually as the trial pro-

ceeds, or continuous average samples may be collected and

analysed at the end of the test.

The closing of a boiler trial is as important as the com-

mencement. The main point to be aimed at is that all the

conditions appertaining to the boiler shall be precisely the same

at the end as at the beginning. To obtain this state of things

requires a certain amount of skill and experience. The fire-

inan, as the time approaches for stopping the trial, must be

ready to manipulate his fires so that at the end there will be

precisely as much fuel on the grate as there was at the com-

mencement, or as nearly as possibly so. At the same time he

must watch his feed, so as to get the gauge to the height it was

at the commencement. If it is found impossible to get the

water back to precisely the same point as it was originally, the

actual height must be noted. These gauge observations are

facilitated by having a graduated scale fixed behind each

gauge, and a piece of string tied round the glass at the be-

ginning of the trial at the height of the water will serve as a

landmark to guide the fireman.

When the trial is over the fire should be drawn and a

weighing made of (a) the unburnt fuel on the grate, (b) the

clinker produced, and (c) the total amount of ash which has

accumulated during the trial.

MEASURING INSTRUMENTS USED.

Fuel Measurement. It is convenient to weigh out as much

fuel as is likely to be required during the trial, and place this
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in sacks holding some definite quantity each, say, 100 pounds.

These sacks should be tied up, labelled and possibly sealed

as soon as they have been filled. They will then be ready for

using when wanted, and it will only be necessary to empty
each sack on the boiler house floor as the supply becomes

exhausted. Probably part of a sack will be left on the floor at

the completion of the trial, and this amount must be separately

weighed and subtracted from that contained in all the bags

which have been used to make up the total weight of fuel used

during th,e trial.

If it is desired to measure the amount of moisture in the

coal the best plan is to select samples as the trial proceeds and

to weigh the total amount
; place the sample on the top of

the boiler to dry, and again weigh. The difference in weight

divided by the weight of the dry fuel and multiplied by 100

will give the percentage of moisture in the fuel.

Also during the trial a small sample of fuel should be taken

out of each sack. These samples are to be thoroughly mixed

together at the end of the trial, and a small portion of this

mixture reduced to powder and again thoroughly mixed will

give a representative sample of the fuel from which to take a

specimen for the purpose of analysis or calorimetry.

Measurement of the Feed Water.

The manner in which this is measured will depend on the

arrangement for feeding the boiler. Generally the feed is

pumped from a tank, and the water entering this tank can be

measured by passing it through a calibrated tank or measuring

vessel. The calibration must be made by actual weighing.

The scale of weights can either take the form of a water-gauge

glass up the side of the tank, or a pointer may be fixed to a float

and move up a fixed graduated scale.

In some cases a piston water meter is used to measure the
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water either alone or as a check on the tank. If the former,

the meter should not be trusted without an independent

calibration previous to the trial.

A convenient way of measuring is to have two similar

tanks calibrated in pound measurements, and connected to

the feed pump through a three-way cock, so that the tanks

can be emptied and filled alternately.

As the water passes out of the measuring tank its tempera-

ture must be measured by means of an ordinary mercury
thermometer.

Measurement of the Pressure and Height of Water Gauge*

These two should be noted on a log form at regular

intervals, say, every five minutes throughout the trial.

Temperature of the Flue Gases.

It is important to know this temperature, if it is desired

to work out a complete heat account of the trial, in order

to ascertain the amount of heat carried away by the flue gases.

The temperature may be measured by means of some kind of

pyrometer, either a water pyrometer or a direct reading pyro-

meter, which is allowed to remain in the flues during the

whole trial
;

or a special high temperature mercury ther-

mometer may be employed. When using an instrument of

this kind it is well to have one provided with compressed

nitrogen above the mercury, so as to obviate the boiling of the

mercury. The flue temperature is generally somewhere in the

neighbourhood of 500 or 600 F., and as mercury boils at a

little over 600 it is important that this precaution be taken.

Analysis of the Fuel.

This is usually entrusted to a chemist, the engineer who is

conducting the trial being careful that the sample submitted

is a representative one.
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Heating Value of the Fuel.

This can be found in one or more ways. Either a direct

determination can be made by the engineer by means of a

fuel calorimeter, or an estimate may be fairly correctly made

from a chemical analysis of a sample of the fuel. Either or

both these methods may be employed, care being taken that

the sample is dry in both cases, and that a determination has

been made of the percentage of moisture in the fuel.

The calorific value of a fuel may be defined as
" the number

of thermal units given out by the complete combustion of one

pound of the fuel in question ". A thermal unit is the quantity

of heat required to raise the temperature of one pound of pure

water through 1 Fahr.

FUEL CALORIMETERS.

There are a good many kinds of calorimeters in use, but

the principle is the same in all. A weighed quantity of the

fuel whose calorific value it is desired to determine is burnt

in such a way that all the heat generated is caught, as it were,

in a form in which it can be correctly measured. The chief

difficulty is found in this measurement of the heat. Perhaps

the simplest form of calorimeter, though not the most accurate,

is that of the Thomson type, shown in Fig. 38.

THOMSON'S CALORIMETER.

On reference to Fig. 38 it will be seen that the instrument

is contained in a glass jar, which is itself placed inside an

outer glass jar, there being an air space between the two,

which acts as a non-conducting jacket to prevent the escape of

heat. The fuel to be burnt is first powdered to the consistency

of coarse gunpowder, all the fine dust being screened away as

well as all the larger pieces. It is then thoroughly dried and
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the required quantity weighed out ready for testing. Two

grammes is a usual quantity. This sample of the fuel is now

put into a small copper or platinum crucible, which is placed

in a diving bell, and the whole lowered into the water, as

shown in the sketch. The top of the diving bell is of course

FIG. 38. Thomson's Fuel Calorimeter.

closed, and at the bottom are openings through which the gases

of combustion can escape. The position of the crucible is so

arranged that the water in the bell does not nearly reach the

fuel. Through the top of the bell is led a pipe conveying the

oxygen gas used for the combustion. When the experiment
is to be made the temperature of the water is taken with
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a very sensitive thermometer, great care being observed in

stirring the water thoroughly, so as to get a mean temperature.

The diving bell is then lowered into the water with a small

piece of fuse placed in the fuel and ignited. As soon as the

bell has been lowered to the bottom of the jar, oxygen is

allowed to enter by way of the pipe and play on the top of

the fuel. Rapid combustion now takes place, the hot gases

leaving the bottom of the jar and rising through the water,

giving up most of their heat, and so raising the temperature

of the water. Care must be taken with the supply of oxygen,

just enough being admitted to keep up a steady, uniform com-

bustion too much will probably blow away some of the coal,

and too little will probably result in smoke. It is convenient

to have the bell and the containing vessels of glass so that the

combustion of the coal may be watched and the oxygen the

better regulated. In fact, to watch the combustion of a sample

of coal in oxygen is an excellent lesson in smoke production,

and the two periods, that of gasification and that of the com-

bustion of the remaining carbon, are very well marked. At

the end of the test, when all the coal is burnt and the water

has been allowed to penetrate the bell and take up the heat

from those gases which have not already escaped, and the water

been thoroughly well stirred, the temperature of the water

is again taken. The difference between the final and initial

temperatures, or the rise in temperature, multiplied by the

weight of water in pounds, will give the number of heat units

given to the water, and this number divided by the weight of

fuel consumed, also in pounds, will give the number of heat

units yielded per pound of the fuel, or its calorific value, which

is what is required. This quantity as at first found requires

a correction in order to allow for radiation, and the heat

absorbed by the material of the instrument. This allowance

is generally made by finding a constant for the instrument by
burning some carbon of known calorific value. The radiation
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can be reduced by arranging that the temperature of the

water at the beginning of the experiment is as much below the

temperature of the atmosphere, as it is above this temperature

at the end, so that there is a radiation first inwards and

afterwards from the instrument outwards.

The disadvantage of this calorimeter is that it is not

possible to be sure that the whole of the heat generated has

been given up to the water, because the gases pass through

the water and escape into the air above. The speed of exit is

not always the same, the temperature of the gases must vary

considerably with different fuels, and, as gas is a very bad

conductor of heat, it is unreasonable to suppose that during

the very short time of passage through the water each bubble

of eras will be able to part with all its heat. This would beO IT

effected more thoroughly if the bubbles of gas could be broken

up by mechanical means into very small particles.

BOMB CALORIMETERS OF BERTHELOT AND MAHLER.

In this form of calorimeter the whole of the heat is ex-

tracted from the hot gases. The radical difference between

this type and the Thomson calorimeter is that the combustion

is effected very rapidly in a vessel which is sealed during the

combustion, and the water is allowed to flow in at the end of

the experiment, no gases being allowed to escape.

A calorimeter of this kind is costly, chiefly on account of

the bomb itself. This must be made of some material such as

platinum, which does not easily oxidise. In the Berthelot

instrument, the first of this type, the crucible is of platinum,

and the bomb is of steel and lined with platinum. In M.

Mahler's form of this instrument a considerable saving in cost

is effected by making the bomb of steel as before and lining-

it with enamel instead of platinum. The outside of the bomb

is nickelled to prevent rust.
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In Mr. Bryan Donkin's calorimeter, which is of the same

type, the bomb is gilt inside, and thus rendered non-corrosive.

In size it is designed to burn one gramme of fuel, coal or oil.

FIG. 39. Donkin's Fuel Calorimeter.

A general view of this is shown in Fig. 39. The instrument

is enclosed in an outer vessel, which is covered with a non-

conducting external layer. This outer vessel is filled with
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water, whose temperature can be noted by means of a ther-

mometer. Inside this first vessel is another, and, again,

inside this is the calorimeter jar itself, an air space being left

between the inner jar and the second vessel. By these means

the radiation is reduced to a minimum, and the actual quantity

of heat passing from the calorimeter jar in an outward direction

can be measured. The bomb is supported in the centre of the

interior vessel, which is filled with water, and a mechanical

stirrer, which is not shown, is used for the purpose of reducing

the water to a uniform temperature. Two sensitive ther-

mometers are used for getting the rise of temperature. When

starting an experiment the temperature of the water in the

calorimeter jar is carefully taken, next the fuel is placed in

the bomb, which is then sealed up, and the bomb filled with

oxygen at some twenty atmospheres' pressure, the bomb placed

in the water and the fuel fired electrically. Rapid combustion

takes place, the water is stirred for ten minutes, when the

temperature is again taken, and the bomb washed out with

water. From the two temperatures of the water, the weight
of the water, and the weight of the fuel, the calorific value

may now be determined, due allowance being made for radia-

tion and for the heat taken up by the parts of the instrument.

CALORIFIC VALUE FROM ANALYSIS OF THE FUEL.

When an accurate analysis of the fuel is obtained a very
near approximation to the true calorific value can be obtained

by assuming each constituent to give up its own quantity of

heat and to add together these quantities. In doing this,

only the carbon and hydrogen are taken account of, the

sulphur being neglected for the reason that its quantity is

relatively small and its calorific value low.

The calorific values vary somewhat according to different

authorities, but those given by Dulong are
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Hydrogen .... 62,100 thermal units.

Carbon .... 14,650

Sulphur .... 4,032

Other authorities give these as 62,000, 14,500 and 4,000

respectively, and these are the values often used for rough
calculations.

Dulong's formula is

V = 14,650 C + 62,100 fH -
^Y. . ,

(
a

),

allowance being made for the oxygen in the fuel, on the

assumption that its equivalent of hydrogen is to be neglected

as far as heat-giving qualities are concerned. There is a

divergence of opinion on this point, and it is found that when

the whole of the hydrogen is taken into account a result is

obtained nearer the experimental determination. The formula

then becomes

V = 14,650 C + 62,100 H . . . (6),

or, using the second set of values, it is

V = 14,500 C + 62,000 H . . . (c).

Mahler devised the following empirical formula as the result

of a long series of experimental investigations
V = 14,650 C + 62,100 H - 5,400 (0 + N) . . . (d).

In order to compare these formulae the following values have

been worked out for the same sample of coal. The analysis

was as follows :

ANALYSIS OF SAMPLE OF COAL.

Carbon .... 87 per cent.

Hydrogen . . . . 5 ,,

Oxygen .... 3

Nitrogen ....!
Sulphur .... 0-8

Taking Dulong's formula

14,650 x 0-87 = 12,750

62,100 x
(o-05- ^) = 2,950

15,700 . . . (a).

8
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The values as given by the other formulae are

15,855 . . . (6).

15,700 . . . (c).

15,639 . . . (d).

It will be seen that here (a) and (<?) agree perfectly and (d) is

very nearly in agreement, and any one of these three may be

expected to give results differing only by a very small fraction

of the whole amount.

It must be explained that the letters H, C, N and O
denote the weight of hydrogen, carbon, nitrogen and oxygen

respectively in one pound of the fuel
;
and the result obtained,

V, is the number of thermal units given out by the complete
.combustion of one pound of the fuel.

Analysis of the Flue Gases.

This is a most important measurement in all boiler trials

and should be made with great care. It can be divided into two

stages, namely, the collection of the samples and the analysis

of the samples so collected.

Collection of the sample. First, a suitable place must

be selected from which to take the gas. This should be at

a point in the flues where combustion is complete, generally

iust where the erases leave the last flue which traverses the
J O

boiler. The sample should be drawn through an iron or glass

pipe inserted well into the centre of the flue. Before a boiler

trial is allowed to commence, great care should be taken that

no air reaches the inside of the flues beyond what passes

through the boiler. The brickwork surrounding a boiler is

often leaky and much air may be passing into the flues.

When this is the case a quite erroneous idea will be given of

the composition of the flue gases, due to the presence of a

large amount of excess air which does not really belong to the

gases which have traversed the flues. Leakages must be

tested for by a candle flame, or smoke from burning brown
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paper, and all leakages so found luted up with clay. This is

a precaution often neglected. The writer remembers a case

where the analysis of the gases registered only 2J per cent, of

C0
2
when the boiler was working under very fair conditions.

It was found 011 subsequent examination that there were a

large number of crevices in the brickwork, and air was leaking

inwards in large quantities. Of course in this case the per-

centage obtained was absolutely incorrect so far as the actual

flue gas was concerned.

The collection may either be made in the analysing ap-

paratus itself or it may be collected in bottles and analysed

separately.

FIG. 40. Gas Collecting Arrangement.

If the latter, the best arrangement is that shown in the

accompanying Fig. 40. Here a pipe is shown leading from

the interior of the flue. This pipe is connected by a rubber

tube with a T piece, the vertical portion of the T being con-

nected to the collecting bottle A. The remaining horizontal

arm of the T is connected with an aspirator, B, which is simply

an airtight vessel, filled with water at the beginning of the

test. The water is allowed to flow out through a tap at the

bottom and its place is taken by gases from the flues. If an

average sample is desired, the water is allowed to trickle out

of the tap very slowly, thus obtaining a continuous flow of the
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gases along the horizontal pipe ;
and an average sample may be

taken from this in the collecting bottle by allowing the fluid,

with which the bottle has been filled, to run slowly out through
the tap provided at the bottom. The best fluid for this purpose

is mercury, which can be allowed to run into another bottle

placed below. If water is used it must contain a very

strong solution of common salt, in order to prevent any ab-

sorption of the CO
2

in the gases. Of course there is no

necessity to take any precaution of this kind if mercury is

used. When a bottle is full of the gases it must be discon-

nected and carefully corked up. The cork should be thoroughly

sealed to prevent any air getting into the gases. In collecting

the gas in this way the bottle should be placed in as cool a

place as possible, as the gases come from the flues hot, and if

they are still hot when the bottle is corked they will contract

in volume and tend to suck in air through any crevices there

may be. Leakage of air is also to be avoided in making
the pipe connections, both when collecting and when using the

apparatus.

Analysis of the sample. There are several forms of

apparatus in use for this purpose. The principle is the same

in all, namely, the absorption of the different constituents in

order, measurement of the total volume before and after each

stage, and noting the diminution caused by the absorption. It

will be sufficient here to briefly describe one of the best known

pieces of apparatus. This is what is called the Orsat apparatus

for volumetric gas analysis. A general view is shown in

Fig. 41. In using this apparatus the gas is collected in the

graduated tube, A. This tube is connected at its lower end by
a rubber pipe with a water bottle. When this is placed on the

top of the box, which contains the whole apparatus, the water

flows down and the measuring tube can be filled up to the top

graduation by holding the bottle in the hand, and raising or

lowering it until the surface of the water is at the proper level.
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The measuring tube is divided into 100 cubic centimetres.

From the top of this is a horizontal glass pipe, connected, by
means of taps, with three absorbing vessels. When a sample
is to be collected the pipe is connected to the T piece

of the aspirator, the taps to the absorption vessels being

FIG. 41. Orsat Gas Analysis Apparatus.

closed. The gas is now drawn into the vessel by the gradual

lowering of the level bottle, until the level of the water in the

bottle and in the tube are at the height of the zero of the

scale. The vessel now contains 100 cubic centimetres of the

gases. The admission cock is closed. The first vessel is full of

a strong solution of caustic potash, and the whole of the sample



118 THE PEEVENTION OF SMOKE.

is next carried over into this vessel by raising the level

bottle until the water again reaches to the top of the scale,

all the other cocks being closed. A few short pieces of

glass rod or tube are usually placed in the vessel to in-

crease the absorbing surface. In about five or ten minutes

all the CO.
2
in the gas will have been absorbed, and the re-

maining gas may be returned to the measuring tube by

lowering the level bottle until the caustic potash again fills

the pipette. The water in the level bottle must now be

placed at the same level as the water inside the tube, so as to

have the gas at atmospheric pressure, because the top of the

level bottle is open to the air. The reading is then taken, and

the height of the water gives the diminution of volume, and

consequently the percentage of CO
2 present in the gases. The

second pipette is filled with sticks of phosphorus to absorb

the oxygen, and the same process is gone through for this

as in the former case. When the gas is admitted to the

phosphorus pipette it will be noticed that it soon becomes filled

with a dense, white smoke, consisting of fumes of phosphorus

pentoxide, and time must be allowed to elapse until these

fumes have quite cleared away before the gas is returned to

the measuring vessel. The diminution of volume is now that

due to the CO
2
and the O together, and the percentage of CO

2

must be subtracted from this to get the percentage of O. The

third pipette contains a strong solution of cuprous chloride in

hydrochloric acid. This absorbs the CO if any is present.

Instead of phosphorus for the oxygen absorbent a solution of

pyrogallic acid in caustic potash is sometimes used. When

starting a collection of gas, the aspirator must be allowed to

run for some minutes, to get all the air out of the pipes before

a sample is taken, and just before collecting in the measuring

vessel, the top cross pipe must be exhausted of air by means of

a rubber exhauster, which is generally provided with the ap-

paratus. The Orsat apparatus, which is made in Germany,
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may be bought complete (without the chemicals) for about

three pounds. It will be found that the correct use of this

appliance requires a considerable amount of careful practice.

The writer advises any one beginning to use it to go through
the different operations very slowly and deliberately, as

any attempt to go quickly at first will be sure to result

in failure, owing to one of the many little operations being

forgotten. For practice it is a good plan to go through the

operations a few times with air in the measuring vessel.

The other types of apparatus for analysing flue gases are

precisely the same in principle, but are generally more cumber-

some to use and not so compact as the Orsat.

RESULTS OF A TRIAL.

The most important results to be obtained from a boiler

trial which is being worked in conjunction with a smoke test

are the following :

1. The number of pounds of water evaporated at and from

212 per pound of the fuel.

2. The thermal efficiency of the boiler and furnace.

3. Pounds of fuel burnt per square foot of grate surface

per hour.

4. Temperature of the flue gases.

5. Analysis of the flue gases.

6. Pounds of air per pound of coal.

Water, at and from, 212 per pound of fuel It is easy to

obtain the total quantity of water evaporated, and, dividing by
the weight of fuel consumed in the same time, the weight of

water evaporated per pound of fuel will be given. The weight

of fuel should be for dry fuel, that is, the fuel as actually

measured minus the percentage of moisture as found by the

separate determination. But the heat required to evaporate

one pound of water depends upon the pressure, and con-

sequently the amount of heat taken up in turning the water
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into steam. The higher the pressure the more heat is taken

up in bringing about vaporisation, or, in other words, the

latent heat of the steam is greater. So that it is not fair

in comparing results to simply take the water evaporated

irrespective of its pressure.

What must be done is to take the water evaporated per

pound of dry fuel, as obtained, and to divide this by the ratio

of the latent heat of steam at atmospheric pressure (212)
to the latent heat of steam at the pressure in question as found

from the pressure observations and from a table of the pro-

perties of saturated steam.

In order to illustrate the working out of the main results

of a boiler trial it will be convenient to take an actual example,

as follows :

Boiler trial carried out on a Lancashire boiler, 28 feet

by 6 feet. Data obtained from observations :

Duration of trial...... 10 hours

Calorific value of dry fuel .... 14,200 B.T.U.

Percentage of moisture in fuel ... 2 per cent.

Area of grate ...... 19 sq. ft.

Total weight of coal burnt .... 3,000 Ib.

Analysis offlue gases :

C02 ........ 12-2 per cent.......... 6-7

CO ........ 0-02

Temperature of feed ..... 60

Total weight of water evaporated . . 25,500 Ib.

Temperature of furnace gases at end of boiler 550 F.

Steam pressure in pounds per sq. in. by gauge 72

From these figures obtained during the trial it is desired to

The pounds of dry coal burnt per square foot of grate area.

The pounds of air per pound of coal.

The evaporation at and from 212 per pound of dry coal.

The boiler efficiency.
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Taking these in the order named :

Pounds of dry coal burnt per square foot of grate.

First get the weight of dry coal. This is done by

subtracting the moisture from the wet coal, or total

pounds of dry coal burnt - 3,000
- 60 = 2,940 Ib.

Then pounds of dry coal burnt per square foot of

grate per hour

2,940

19x10
= 15-5 Ib.

Pounds of air per pound of coal is obtained from the

percentage of CO
2
in the flue gases by means of the

formula already given ;
thus pounds of air per pound

of coal

a = 11-5 l^l4 = 17-8 Ib.
C02

Evaporation at and from 212. The absolute pressure of

the steam is 72 +15 = 87 Ib. per square inch. The

temperature of the steam corresponding to this is, as

found from the steam tables, 318 F., and its total

heat, that is the number of thermal units required

to raise one pound from 32 to boiling point and

totally evaporate it, is found to be 1,179 B.T.U.

But the feed water is already at 60, so that from the total

heat must be subtracted the difference between 60

and 32, or 28. This gives 1,151, which represents

the heat given by the fuel to each pound of the water

evaporated in the present case. Now, the pounds of

water evaporated per pound of dry coal are

^ = 8-66 Ib.

2,940

But, in order to reduce this to standard conditions, the

total amount of heat used per pound of the coal must

be found for the 8 '68 pounds of water. This ii

8-68 x 1151 = 10,000 B.T.U. ,
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and, if this is divided by 966, the amount of heat

required to evaporate one pound of water at the

temperature corresponding to atmospheric pressure,

namely, 212, the water being at this pressure when

the heat is first applied, the required result is obtained.

Or, pounds of water per pound of coal at and from

212

12^22 = 10-34 ib.
966

Boiler Efficiency. For one pound of dry coal burnt there

are 8*68 pounds of water evaporated, each of which

requires for its evaporation 1,151 B.T.U. Also, each

pound of dry fuel coal gives out during its com-

bustion 14,200 B.T.U. So the heat used in each

pound of water, divided by the heat given to each

pound of water and multiplied by 100, will give

the efficiency of the boiler, or thermal efficiency of

boiler

In order to bring home to the mind of the reader the

amount of heat carried away in the flue gases, the following

calculation for this particular case is worked out :

Weight of air per pound of coal = 17 '8 Ib., consequently

for one pound of coal there will be 1 + 17*8 = 18'8 Ib. of flue

gases.

Assuming the temperature of the incoming air to be 70

and the temperature of the flue gases 550, each pound of

the flue gases is raised in temperature 550 - 70 = 480.

From the following table the specific heat or capacity for

heat is 0'234.

Therefore, the flue gases from each pound of coal carry

away
480 x 18-8 x 0-234 = 2,110 B.T.U.,

or

2,110

14,200
x 100 = 14-9 per cent, of the heat given out.
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The following table may be found useful :

123

TABLE VIII. SPECIFIC KEATS OF FLUE GASES WITH VARIOUS
PERCENTAGES OF CO .

Percentage of COo in flue gases.
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The first question which arises is, how is the quality of

smoke issuing from a chimney to be defined ? One of two

general methods may be employed, namely, by weighing or by
the appearance of the smoke. In the hot flue gases issuing

from the chimney there is a certain quantity of finely divided

carbon in suspension. A sample of these gases maybe collected,

the carbon separated and weighed, and the result expressed as

a certain weight of carbon for a certain volume or weight of

the gas. This is one method, and may be regarded as scienti-

fically accurate, but it is not by any means easy to perform,

much difficulty being experienced in separating the whole of

the carbon from the gas for the purpose of weighing.

In the other, and much more simple method, the depth of

colour of the flue gas as it issues from the chimney top is made

the basis of comparison. This, besides being simpler and easier

to perform, may be regarded on the whole as the most satis-

factory way of gauging smoke. Attempts have also been

made to form an idea of the amount of smoke in the gaseso

by inserting cards coated with some sticky substance into the

boiler flue for certain definite periods of time, and comparing

the density of the tint produced by the adhesion of the carbon.

This method will be found useful for collecting evidence

as to the amount of smoke deposited in a given district, when

making outdoor observations.

TIME-DENSITY SCALES.

Although it is not possible to make the method absolute

for quantitative purposes, the use of some kind of smoke scale

with which to compare the appearance of the chimney top is

the most satisfactory method of smoke observation. The gases

issuing from the top of a chimney are either invisible or they

contain smoke of a greater or less density, according to what

is happening in the furnace. This density varies from time to
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time, being greatest just after firing and diminishing as the

first stage of combustion becomes complete. If, then, an ob-

server be stationed in full view of the chimney, and notes the

density of the smoke at regular intervals of time, say, every
half minute, it will be possible to construct a diagram showing

graphically the density of the smoke at every moment. This

is practically what is done in the case of most smoke observa-

tions, the chief differences in the systems adopted being in the

ways in which the density of the smoke is estimated. In most

cases a number of definite densities are used, and the smoke

is specified to be one or other of these at any moment. The

following are some of the scales that have been used :.

Manchester Smoke Abatement Committee. A scale of ten

shades was used, and the observer watched the chim-

ney and noted the shade of the smoke and the time

during which it was being emitted. He had the

scale of shades before him and compared the chim-

ney smoke with it. There were in this case too

many shades used, and the observations should have

been taken at regular intervals.

English Smoke Abatement Committee (1895). In this

case only four shades were used, namely,
"
dense,"

"
medium,"

"
faint" and "no smoke". The observer

watched the chimney and, at intervals of one minute,

he recorded the density at that moment, denoting it

by the figures 3, 2, 1, and corresponding to the

above densities. The average of these figures was

taken as giving the minutes of dense smoke in ten

hours. This gives a fairly definite and simple basis

of comparison. In this Commission photographs
were also taken of the appearance of the chimney.
These were useful for reference, but have the dis-

advantage of varying in density according to the

manner of developing and printing.



126 THE PREVENTION OF SMOKE.

Paris Smoke Tests (1897). In these a method similar to

the above was adopted, but the complete scale con-

tained five in place of four densities. They were
"
very thick smoke,

' " black smoke,"
" medium

smoke,"
"
slight smoke T '

and "no smoke". The

densities were plotted directly by the observer on a

rotating drum, at half-minute intervals, the result

being a continuous curve, and the area enclosed by
this curve for a given interval of time was taken

as a measure of the density of the smoke, and a

value was worked out from a formula and called

the "
representative smoke number ".

Swiss Smoke Scale. A scale used in Switzerland has

six densities, each having a value assigned to it,

so that the density at any moment can be reduced

to the equivalent black smoke. These are
"
thick

black smoke "
(3),

" dense smoke "
(2),

" brownish

grey smoke" (1), "light brown smoke "
(J), "white

transparent vapour" (J), and "no visible gases" (0).

Prussian Smoke Commission. The method of taking the

smoke observations in this was far too elaborate and

expensive to be of much practical use for everyday

work. A photometric arrangement was used, by
which a ray of light was passed through the smoke

in the flue, and the appearance of this was compared
with a standard tint obtained from the light of a

candle..

Ringelmanns Smoke Scale. In this system a series of

tints are obtained by drawing black lines on white

paper, the lines having definite thicknesses and

placed at definite distances apart. A scale thus pre-

pared is placed at a distance of about fifty feet

from the observer, and he sees which tint on the

scale corresponds with the smoke coming from the
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chimney, and makes his record accordingly. The

dimensions used in the figures are as follows :

Ringelmann's Smoke Scale.

No. 5. Very black smoke.

4. Black smoke.

.,,
3. Very dark grey smoke.

,, 2. Darker grey smoke.

,, 1. Light grey smoke.

, 0. No smoke.

All black.

Black lines 5'5 mm. thick and 4-5 mm. apart.

Black lines 3'7 mm. thick and 6*3 mm. apart.

Black lines 2'3 mm. thick and 7'7 mm. apart.

Black lines 1 mm. thick and 9 mm. apart.

All white.

Reproductions of Nos. 1, 2, 3 and 4 of this scale are given

in Fig. 42.

The above comprise the principal scales which have been

used. Which is the best method it is hard to say, but pro-

1 2,3 4

FIG. 42. Ringelmann's Smoke Scale.

bably the last is as good as any, both because there are not

too many shades attempted, and more especially because the

tint is a definite one and leaves less to the judgment of the

observer than in the cases of the other scales. It would be an

excellent thing if all smoke observers could agree to adopt one

uniform system in order that results by different observers

and in different parts of the world might be compared on a

definite basis. By combining Ringelmann's scale with the use

of the rotating drum used on the Paris trials a very suitable

arrangement could be effected.

Mr. Bryan Donkin quotes a result obtained by Professor

Lewicki. An estimation of the amount of soot in a given
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V T

N S

FIG. 44. Appearance of Chimney Tops according to the Paris Smoke Scale'

V. T. Very thick.
M. Medium.

N.S. No smoke.

9

B. Black.
F. Faint.
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quantity of the flue gases was made from the samples collected

for analysis. In this case there was only an appearance of a

little light smoke, and the quantity of soot in one cubic metre

of the gases was O33 gramme, the quantity of soot for one

kilograrams of the fuel was 6 '24 grammes, and the ratio of

volume of soot to volume of gases at the temperature of the

flues was found to be 0*0000147.

From these figures it will be seen that in this case the

weight of unconsumed combustible is only 0'624 per cent.

about | of 1 per cent.

In the accompanying Fig. 43 the author has plotted a smoke

diagram taken by him from a typical cotton mill chimney, the

.scale used being the Paris Scale. The observations were taken

every half minute, one vertical interval being equivalent to a

degree of density as given by the scale.

It is well, when taking a set of smoke observations of a

chimney, to make notes, where they are available, of the times

of firing, cleaning, etc., so as to give some indication as to the

causes of the smoke fluctuations. If the test is an important

one, two observers should be at work simultaneously, so as to

check one another.

The appearance of the chimney top corresponding to the
" shades

"
of the Paris scale is shown in Fig. 44.



CHAPTER VII.

SOME STANDARD SMOKE TESTS.

FROM time to time the question of smoke abatement has

appeared before the public in a more or less acute form. Many
of our leading men, both scientific and lay, have taken up
the subject with the greatest enthusiasm, but the strides

made in the direction of a permanent improvement have not

been at all in proportion to the trouble taken and the expense
involved. It is to be regretted that this is so. That things

will gradually improve may be regarded as certain, but pro-

bably this improvement will not be altogether in the manner

anticipated by the pioneers in smoke abatement.

However, good work has been done, and much most valu-

able information has been collected and reduced to a permanent
form in the reports of the various commissions. This inter-

mittent crusade against smoke has taken various forms. One

or two exhibitions have been held, elaborate and lengthy trials

have been carried out on boilers fitted with various forms

of furnaces and " smoke prevention appliances," and stoking

competitions have been held, in which prizes have been given

for smokeless and economical firing. Some of these will now

be examined.
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ENGLISH SMOKE COMMISSION (1881).

This commission held an exhibition in 1881, at South

Kensington, of various smoke-preventing appliances, and also

undertook the testing of a number of furnaces and grates

as regards their smoke-preventing possibilities. Among the

appliances tested were the grates of Chubb, Duncan and Martin,

and the mechanical stokers made by Sinclair and Proctor.

SECOND ENGLISH COMMISSION (Report published 1895).

The committee appointed several years previously to 1895

carried out some of the most valuable work that has ever been

done in this direction. Not only did they make a long series

of tests on appliances of all kinds, but they collected together

and embodied in their report many tests made by authorities

other than themselves.

In the report published by the Committee for Testing

Smoke-Preventing Appliances is contained some of the most

useful and important information on the subject which has

yet been got together, and it is therefore proposed to give here

a brief summary of the course adopted by this committee and

the results obtained in the tests carried out by them.

When this committee was formed in 1889 a good deal

of information bearing on the subject had already been collated

by the National Smoke Abatement Institution, London, and

by the Manchester and Salford Noxious Vapours Association.

A smoke abatement exhibition was held in London in 1881

and another in Manchester in 1882. It was held by the

committee that the work already done in connection with

these exhibitions was very good, but that it embraced too wide

a range, and that it was desirable to carry on the work thus
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already began by concentrating their attention on the produc-

tion of smoke by boiler furnaces, and to carry out a number

of tests on the various appliances which were then on the

market in full detail. The avowed objects of the committee

in beginning their work were, in their own words :

"
1. Collation of the results of past experience.

"
2. Examinations or tests to be conducted by experts ap-

pointed by the committee, at places where the appli-

ances for, or methods of, consuming coal smoke-

lessly are already at work, with the object of ascer-

taining whether, under ordinary working conditions,

these methods or appliances do produce, or are

accompanied by (a) practical freedom from smoke,

(6) reasonable amount of duty, (c) economy of fuel,

(d) moderate cost in wear and tear and simplicity

of construction, (e) moderate cost of application.

"3. Examinations or tests to be conducted on premises

temporarily occupied, and furnished with boilers,

chimneys and apparatus of such appliances or

methods as cannot be adequately tested where they

are in use, and which are of sufficiently promising

and distinct a character.

"
4. Issue of a report embodying the results of the com-

mittee's operations."

How well and thoroughly this work was carried out will

be judged from the following summary of the results.

Any firm who wished to have the appliance made by them

tested, was required to fill up the following form :
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COMMITTEE FOR TESTING SMOKE-PREVENTING
APPLIANCES.

FORM OF APPLICATION FOR TEST.

TO THE COMMITTEE.

GENTLEMEN,

request that the appliance (or method)
for the prevention of smoke in use at

may be tested by your engineer, and in consideration of such

test being made hereby accept and agree to the con-

ditions annexed hereto.

Yours, etc.,

Name

Address

Date

Description of appliance or method for smoke prevention.

Full list of addresses of firms using the appliance or

method, indicating those who are willing to allow tests to be

made.

NOTE. If the spaces allowed for description of appliance and list of places
where it is in use are insufficient, full particulars should be entered on separate
sheets of same size as this and attached hereto.
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CONDITIONS.

1. That the acceptance of these conditions be regarded as

a binding agreement.

2. As soon as the results of a test are ascertained the

committee may, if they think fit, publish the same. Pending
the issue of such statement none of the details shall be made

public.

3. The payment of a subscription of 25 entitles the sub-

scriber to one test, the results of which shall be given to him

in a form, copies of which may be had by intending applicants

from the secretary, Mr. Fred Scott, 44 John Dalton Street,

Manchester.

4. The committee reserve the right to decline to make

any test applied for.

5. In case the committee desire to repeat the whole or

any part of a test at any time the subscribers shall give every

facility for doing so, but such repetition will not render the

subscriber liable to any further payment.

6. The services rendered by the engineers, firemen or

labourers at the works shall involve no charge to the

committee.

7. A subscriber being a patentee or maker of appliances

shall, if the committee desire it, give a complete list of places

where the appliance or method for which he requires a test is

in use.

When the work was to be begun Mr. E. W. Parnell was

appointed engineer to carry out the tests, but very soon after

commencing his work Mr. Parnell died, and Professor Kennedy
was appointed to carry on the work. The funds of the associa-

tion did not, however, permit of this arrangement being carried
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through, and it was decided to continue the work under

the direction of the honorary secretary (Mr. Herbert Fletcher,

of Bolton) ;
and the chairman (Mr. A. E. Fletcher), assisted

by his son, Mr. Herbert Fletcher, took the engineering side,

and Mr. A. E. Fletcher the chemical portion of the tests.

In all thirty-six full tests were carried out by the com-

mittee in Lancashire, and in the results which are tabulated

thirty-three more were added, these being collected from tests

made in London and Glasgow, and, in addition to these, several

more are given, as published by the Sheffield Smoke Abate-

ment Association.

METHODS USED IN CARRYING OUT THE TESTS.

Samples of the coal ^sed were taken at intervals through-

out each test and a general average sample obtained

from these at the end of the test. From each sample

thus obtained calorimetric determinations were made

by means of a Thomson calorimeter.

The temperatures of the issuing flue gases were deter-

mined by means of mercury thermometers having

compressed nitrogen in the space above the mercury,

so as to prevent the boiling of the mercury.

Samples of the flue gases were collected and sent to Mr.

Fletcher's laboratory in sealed tubes for analysis.

The water 'measurement was effected in two iron tanks,

holding 167 gallons each, these being filled and

emptied alternately.

The coal used was weighed in hundredweights at a time.

The smoke observations were carried out in the following

way : Observers were stationed at points where a

clear and unobstructed view could be obtained of

a number of chimneys. The observer recorded the
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smoke number for each chimney at intervals of one

minute during the ten hours of the test. The results

were entered in narrow columns, the figures used

being 3, 2, i and a dot, the meanings attached to

these being
"
dense,"

"
medium,"

"
faint

" and " no

smoke," the estimation of these different densities

for each observation being left to the discretion of

the observer.

DEDUCTIONS FROM SMOKE OBSERVATIONS.

Of all the smoke observations made on 179 chimneys the

general average in minutes of dense smoke per day of ten

hours comes out to be 102, the worst case being 423 and the

best four.

In hand-firing, where methods are used to admit air either

at the front or back, or both, the averages in three classes of

twelve examples each were 104, 81 and 82 minutes respectively,

or a general average of 89 minutes' smoke. In addition to

these are ten examples of front admission with side firing,

where the average smoke comes out to be only 40.

The smoke averages for four kinds of sprinkling stokers

used are not good, being 97, 103, 117 and 108, or a general

average for sprinklers of 106 minutes of smoke.

Of the coking stokers there were seven kinds tested, these

giving a smoke average of only 16 minutes.

In concluding their report the committee state that "in

the great majority of cases the black smoke thrown into the

air during the combustion of coal is preventable, either by
hand or mechanical firing, and without great cost to the con-

sumer. Often the prevention of smoke is accompanied with

a saving of expense, in that an increase of heat is developed

by a more perfect combustion of the fuel, and where live fire
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bars are adopted, that is, where the bars have an automatic

reciprocating motion, an inferior and cheaper quality of coal

can be used, and thus a further saving of expense effected
"

;

and " the suppression of the smoke nuisance means an increased

pleasure in life, and would unquestionably add to the health

and wealth of the community ".

The committee finally sum up their convictions as follows:

" A manufacturing district may be free from manufacturing
smoke at least from the steam boilers, with which alone the

committee have concerned themselves
;
and as to the means

by which it may be so freed this report contains ample
information."

Before coming to the extracts from the tables of results it

will be useful to also mention a few facts contained in the

report, which were not obtained as the direct result of the

committee's tests, but from enquiries from outside sources of

information.

At Messrs. Brunner and Mond's chemical works over

fifty boilers are fired by Vicars' stokers, an arrangement

which renders the chimneys almost smokeless
; and, in addition

to these, a large number of furnaces are fired with a complete

absence of smoke, with Mond producer gas generated in a

central station.

Mention is made of a statement by the late Mr. L. E.

Fletcher that smoke might be very largely prevented, and

without loss of economy, by extreme care in side-firing, with

a judicious admission of air at the front and at the bridge,

so long as the draught was good. In the tests which led

Mr. Fletcher to hold this opinion, the average smoke for

fourteen works was as low as sixteen minutes' smoke in

ten hours. The method of observing the smoke was the

same as that used by the Manchester committee. It is

noteworthy that the smoke was much lower than in the

case of the Manchester tests, and, eliminating all other
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sources of difference, the only explanation is, apparently, that

the care taken by the firemen is less now than it was then,

showing that this lessened care is due to lessened demand for

careful firing.

From careful investigations made by a similar committee

in Glasgow the following conclusions were arrived at :

" The committee are of opinion that, whilst future ex-

periments and inventions may be the means of

introducing new and better methods of treatment

in the combustion of fuel, enough is known at

present to enable steam users to work their boilers

with a fair degree of economy and practically with-

out smoke."

In 1893 a sub-committee in Sheffield concluded a report on

smoke-preventing appliances with the following words :

" Whilst it is certain that smoke may be almost entirely

and completely prevented from steam boiler chimneys,

the conditions of working are so varied that no single

arrangement can be expected to meet every indivi-

dual case, and further, whatever device is applied to

a boiler to prevent smoke, its success will in a great

measure depend upon the intelligent handling and

management which it receives on the part of those to

whose care it is trusted."

Some further tests made for this same sub-committee led

Mr. B. Morley Fletcher, who made the tests, to state
"
that,

with due care on the part of the boiler attendants and the aid

of apparatus suited to the particular conditions of working,

smoke may be absolutely prevented throughout the whole

day's working ;
and furthermore, that the addition of suitable

gear for combating the smoke nuisance results invariably in

a gain, however small, to the consumer. In some cases

the gain is by no means small, for in making the necessary

improvements the efficiency of combustion within the furnaces
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ABRIDGED SUMMARY OF BOILER TESTS AND SMOKE
OBSERVATIONS.

Kind of grate used and
conditions of firing.
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is raised and results generally in an increase of evaporation

per pound of fuel
;
and often, too, the improvements permit of

the consumption of an inferior and cheaper kind of fuel, which

under previous conditions would not be practicable."

The Health Committee in Sheffield adopted the suggestion

made by the Smoke Abatement Committee, as one result of

their investigations, that the limit to the amount of smoke to

be emitted should be as follows :

For one boiler ..... 2 minutes per hour
For two boilers ..... 3 ,,,,,,
For three or more 4

The above tables are intended to show the reader what

kind of results may be expected from the combustion of coal

on boiler furnaces of various types with different kinds of

firing, both as regards economy and the quantity of smoke

emitted. The figures in the different columns require some

little explanation..

First Column. In this the kind of grate and conditions of

working are briefly stated.

Second Column. The efficiency of the boiler, meaning the

number of thermal units in every 100 made use of

in evaporating water, the units making up the differ-

ence being wasted in various ways, chiefly in the

furnace gases.

Third Column. The percentage by volume of carbon

dioxide contained in the flue gases as determined

by chemical analysis.

Fourth Column. In the second and third columns the

results are those obtained in the ten-hour tests. The

smoke results as given here are those obtained when

observations were made of the chimney tops un-



142 THE PREVENTION OF SMOKE.

known to the firemen. Records were taken of all

grades of smoke, but the figures represent the num-

ber of minutes of black smoke in the ten hours, all

the other grades being reduced to that of dense

smoke and the whole added together.

In the Sheffield stoking trials no "
boiler efficiency

"
is

given, but instead are the number of pounds of water evapor-

ated at and from 21 '2 per pound of coal.

In the Paris trials the figures given for the smoke are only

comparative, being representative of the area of black smoke

on the plotted smoke diagram per pound of water evaporated.

This makes it impossible to compare these results with those

made by the other authorities.

Furnaces other than Boilers.

The Committee further say that they are of opinion that

domestic fires are largely responsible for a smoky atmosphere,

even in manufacturing districts.

The committee go on to point out how what has been

considered indispensable black smoke, in connection with

puddling furnaces and furnaces used for chemical processes,

may easily be dispensed with by the introduction and use of

gaseous fuel instead of coal. Instances are given of the use

of gas-firing at the steel works of the Father Company's
works and at those of the Glasgow Iron and Steel Company,
both at Wishaw. In these cases the chimneys were practically

smokeless and the furnaces were working much more economi-

cally than previously when coal fires were used. Further

instances are given of smokeless gas firing at Messrs. Nettle-

folds and at the Lancashire and Yorkshire Railway works at

Horwich.
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PRUSSIAN SMOKE COMMISSION (1894.)

The work of this commission consisted in testing seven

boilers, and in these tests a number of smoke-preventing

appliances were tested, careful observations of the smoke

produced being made all through the trials. An elaborate

photometric method was employed for determining the intensity

of the smoke contained in the flue gases at any moment. Two
holes were made on opposite sides of the flue leading from the

boiler to the chimney, and sights were taken from one side to

observe the appearance of the light at the other opening. This

appearance was compared with a standard light from a candle,

by means of a photometer. The method appears at first sight

too elaborate, and requiring the use of costly and not very

portable appliances, which would render its use out of the

question for ordinary workaday smoke tests. The boilers

used were Lancashire, Cornish, tubular, and tubulous
;
mott

of the grates were of German design. The conclusions arrived

at by the committee do not appear to throw a great deal of

light as to the best kind of grates to use, as they are all reported

to be about equally good or bad, the preference, if any, being

given to the Donneley and Tenbrink grates, which have already

been described. It may again be stated that the former con-

sists of two layers of vertical bars between which is the fire.

The fuel is fed in from above, and the air for combustion passes

horizontally into and through the burning fuel. The front bars

are of the ordinary kind, while tho.se at the back of the tire

are water tubes connected with the water space. This grate

is said to be very efficient as regards both economy and

smoke, but its construction renders it very liable to frequent

repairs ;
the Tenbrink is a sloping grate, arranged at an angle

of about 45
;
the bars are arranged in steps and the fuel is

fed in through a hopper on to the dead plate at the top, and
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gradually works downwards, the ash and clinker reaching the

bottom. It is said to be a rather costly appliance, and also one

involving a large amount of labour in working.

MR. BALE'S REPORT ON STOKING.

A most valuable report relating to the question of the cost

of stoking in different cases was, in 1897, presented to the

Steam Users' Association in Boston, U.S.A., by Mr. Hale,

formerly their engineer. In doing this he sent out circulars

to a number of persons using boilers with and without

mechanical stokers, asking for information on certain points,

this information being derived from their own experience.

The information contained in the replies may be summed up
as follows : Mechanical stokers may be said to effect a saving

in labour of from 30 to 40 per cent, in very large installations
;

a saving of from 20 to 30 per cent, in fairly large plants ;
but

in very small installations there is absolutely no saving in

labour. Further, that in small plants having from 25 to 190

square feet grate area, one man can attend to an engine as

well as fire about ten tons of coal per week
;
where there is an

engineer and a night man, one man can fire up to about thirty-

five tons per week; and, under similar conditions, two men

can fire up to about fifty-five tons per week.

The important conclusions to be derived from Mr. Male's

investigations are that for large installations mechanical stokers

effect a considerable saving in labour
;
the working of a good

mechanical stoker in good condition is practically smokeless ;

a mechanical stoker is best suited for cases where the supply

of steam required is fairly constant, as the firing under these

conditions cannot be forced.

It may also be added that where steam jets are used in

addition to the mechanical apparatus of the stoker, as in
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Meldrum's stoker, it is possible to increase the evaporation

to a considerable extent.

When a boiler owner is considering the advisability of

substituting a mechanical stoker for hand-firing, he must, in

addition to the points already mentioned, consider

The annual interest on the first cost, and compare it with

the economy he is expected to effect by the saving in

labour.

The probable annual cost in repairs for the mechanical and

hand methods.

The annual depreciation of the stoker.

The amount of coal burnt annually by stoker and by

hand-firing.

PARIS SMOKE TESTS (from 1894 to 1897).

In the year 1894 a most valuable series of experiments were

undertaken by the municipality of Paris for the purpose of

ascertaining how far it was possible with the appliances at

present available to work boilers efficiently and at the same

time with the emission of very little smoke. It is impossible

here to go into the report of the trials very fully, but the

following facts, obtained from Mr. Bryan Donkin's abstract

of the report, are important and exceedingly instructive.

In all one hundred and ten appliances were tested, these

consisting of mechanical stokers, grates with injections of

steam and air, grates with admission of supplementary supplies

of hot or cold air, appliances for thoroughly mixing the pro-

ducts of combustion and the air, appliances for burning gaseous

fuel, grates fired with powdered fuel, smoke washers, and thirty-

seven classed under the indefinite head of
" miscellaneous ".

Two important conditions were insisted upon : Each apparatus

was
10
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1. Not to give off an inconvenient amount of smoke when
fired with ordinary fuel.

2. To satisfy the practical requirements of combustion and

evaporation in steam boilers.

The official tests were made on three elephant boilers be-

longing to the city, and used for providing steam to drive two

pumping engines. Each apparatus was placed on one of the

boilers and tested for one month, but the official trials only
extended over four days, two at half-load and two at full-load.

The fuel used in these tests was the same in all cases, in

order to make the conditions as uniform as possible, and con-

sisted of briquettes made from coal in the north of France.

The composition of these was sensibly constant, and they con-

tained 817 ash and 17 '84 per cent, volatile matter. The test

began each day at 8 A.M. and ran till 6 P.M., thus occupying
ten hours. Full observations were taken of the quantity of

fuel burnt, the quantity of water evaporated, with all the

accompanying minor observations, and, in addition to these,

very careful observations were taken of the amount of smoke

emitted at all times during the test.

The method of taking the smoke readings is interesting.

Two observers were employed, each placed at a window about

1,000 feet from the chimney, in positions so chosen that one of

the two at all times was able to have a side view of the stream

of gases as they issued from the top of the chimney. Five

degrees of smoke were noted, as follows :

1. No smoke.

2. Slight smoke.

3. Medium smoke.

4. Black smoke.

5. Very thick smoke.

These were recorded continuously on a rotating drum,

which was driven by clockwork. The paper on the drum was

divided by lines parallel to the axis into minute divisions, each
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of these being one millimetre wide
;
and by circumferential lines

into five divisions, these corresponding to the five degrees of

intensity of the smoke. The observer moved a marking pencil

at each minute to the top of the division corresponding to the

intensity of the smoke at that moment. In this way a con-

tinuous curve was drawn, from the area of which, at the end

of the trial, a comparative number could be calculated, which

would be an expression of the efficiency of the apparatus used

as a smoke preventer. The marking pencil was attached to

a sliding carriage which could be moved in a direction parallel

to the axis by the hand of the observer. A sketch of the

apparatus is shown in Fig. 45.

D

FIG. 45. Paris Smoke-re 3ording Apparatus.

The fact that the two observers obtained results which

were very nearly coincident shows that this plan of taking

smoke observations is very reliable, and might with advan-

tage be used in this country for trials extending over any

length of time.

Three prizes were offered for competition, of the values of

400, 200 and 80 respectively. The first prize was not

awarded, as the committee did not think any one appliance

was worthy of it, but the second prize was given to Mr.

Proctor for his mechanical stoker and to M. Donneley for his
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vertical grate, equally. Of these, M. Donneley's was the better

as regards smoke, but the judges regarded the mechanical

stoker tested as the best all-round apparatus, taking into con-

sideration both the smoke and the economical firing and free-

dom from want of repairs.

The authors of the report held it to be proved by their

experiments that the common idea that hand firing can be

managed with a little care so that no smoke is emitted is er-

roneous, and that it was conclusively proved that in all cases

hand tiring was more smoky than machine firing. Another idea

which is prevalent, namely, that the production of smoke is

necessarily accompanied by a corresponding waste in the shape of

unconsumed carbon, was also held to be conclusively disproved.

It was further shown that in very many cases smokelessness

is accompanied not with a saving of fuel, but with a distinct

waste, because many of the conditions necessary for smokeless

firing, such as a large excess of air at certain times and at

certain parts of the furnace, are just those which are con-

ducive to the carrying off of too much waste heat.

These last conclusions are important and instructive.

REPORT OF H.M. CHIEF INSPECTOR OF ALKALI WORKS (1889).

In this report, published in 1889, special reference is made

to the subject of smoke abatement.

The first point to which attention is drawn is that of the

popular fallacy with regard to carbonic oxide or carbon mon-

oxide. An idea which had obtained wide currency appears to

be that it was a mistake to insist too strongly on the total

absence of smoke from a boiler chimney, for the reason that

the presence of some smoke was a guarantee of the absence of

a much worse evil in the shape of the very poisonous gas,

carbon monoxide. The idea is a fallacious one. It is possible
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in some cases to have CO present without smoke, and it is

also possible to have it along with smoke
;
this latter is a much

more frequent occurrence. When CO is given off from a

boiler furnace it is generally due to a deficiency of air, and

this is also the most frequent cause of a smoky chimney.

When special precautions are taken to do away with the

smoke, the end is most frequently attained by carefully regu-

lating the air supply, and especially to provide an increased

supply after firing and during the volatilisation of the hydro-

carbons. It is usually an insufficiency of air to burn the CO
as it is formed that is the reason of the presence of any of the

gas. The conditions necessary for the prevention of smoke

and those necessary for the burning of all the CO produced

are in most cases coincident, and it is therefore strange that

the popular fancy should associate dense smoke with the

absence of CO.

The chief inspector in his report pointed this out, but

expressed the opinion that to those who were not able to

follow the details of the combustion of the fuel the best proof

of the freedom of flue gases from CO with smokeless firing

was that of actual chemical analysis of the gases. He, there-

fore, gives in this report some fifty-two complete analyses of

flue gases taken from boilers working with all kinds of grate

and under greatly varying conditions. In very few cases is

CO found at all, and when so found it is generally where the

presence of black smoke indicates an imperfect combustion.

And when the air supply has been sufficiently large to admit

of the emission of no smoke, carbon monoxide has also ceased

to be present, thus showing that the conditions necessary for

freedom from black smoke are coincident with those necessary

for the perfect combustion of the carbon and the non-existence

of carbon monoxide.

Further, it is stated that in some cases where black smoke

was emitted there was carbon monoxide present also, but in all
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cases where the smoke was absent the carbon monoxide was

absent also. In the words of this report,
" there was no

exception to this rule ". The report is accompanied by the

full details of all the analyses.

Reference is made to the natural advantages which

mechanical firing has over ordinary hand firing, and the

advantages of burning gaseous fuel in place of coal are set

forth in some detail, mention being made of the producers and

systems of Siemens, Wilson, Strong, Dowson, Blass, Thwaite,

Sutherland and others
;
and one or two new forms of boiler

furnace, approximating to combined producers and furnaces,

are mentioned. These latter are chiefly in use on the

Continent.



CHAPTER VIII.

THE LEGAL ASPECT OF THE SMOKE QUESTION.

IT is not the intention of the writer to attempt an exhaustive

discussion of a subject which presents peculiar difficulties, but

simply to place the facts as to the law relating to the smoke

nuisance before the reader, and with such brief comments

as may be necessary.

That the present method of dealing with smoke cases is

defective must be admitted on all sides. The law is there,

both in a general Act of Parliament and in a number of local

Acts. Many owners of factories are being prosecuted every

week, but the fact remains that, although the atmospheres

of our manufacturing towns may be to some extent more

free from smoke than they were twenty years ago, the progress

made has been lamentably deficient and not at all commen-

surate with the work that has been done.

The general Act of Parliament which may be made use

of by local authorities in carrying out prosecutions is the

Public Health Act of 1875, and an inspection of the sections

and clauses given below, and which may be taken as bear-

ing on the subject of smoke abatement, will make it clear

that it lies within the power of a local authority, a pri-

vate individual or a local authority outside the district

where the offence is committed, to set in motion proceedings

against any person who is deemed to be committing a nuisance

by allowing the emission of black smoke from the chimney

of his factory or workshop. On receipt of information as
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to the supposed nuisance the local authority is expected

to serve a notice of abatement on the offender, and in case

of non-compliance with this notice the authority must take

out a summons before a court of summary jurisdiction. And,

further, where the local authority is not satisfied with the

ruling of this court, and is satisfied that justice has not been

done, power is given, under Section 107, to take the cases

to superior courts.

Below is set forth Section 91 of the Act referred to, this

being the chief part referring to the subject under discussion,

and a number of other sections are given in full, or in part,

or are referred to briefly.

Sub-section 7 (relating to smoke prevention) of Section 91

of the Public Health Act, 1875, runs as follows :

"
Any fireplace or furnace which does not as far as practi-

cable consume the smoke arisino- from the combustible usedO

therein, and which is used for working engines by steam, or

in any mill, factory or dyehouse, brewery, bakehouse or gas

work, or in any manufacturing or trade process whatever, and

any chimney (not being the chimney of a private dwelling

house) sending forth black smoke in such quantity as to be

a, nuisance, shall be deemed to be a nuisance liable to be dealt

with summarily in the manner provided by this Act :

provided
"

1. That a penalty shall not be imposed on any person in

respect of any accumulation or deposit necessary for the ef-

fectual carrying 011 of any business or manufacture, and that

the best available means have been taken for preventing

injury thereby to the public health.

"
2. That where a person is summoned before any court

in respect of a nuisance arising from a fireplace or furnace

which does not consume the smoke arising from the com-

bustible used in such fireplace or furnace the court shall hold

that no nuisance is created within the meaning of the Act
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and dismiss the complaint if it is so satisfied that such fire-

place or furnace is constructed in such manner as to con-

sume as far as practicable, having regard to the nature of

the manufacture or trade, all smoke arising therefrom, and

that such fireplace or furnace has been carefully attended to

by the person having the charge thereof."

Section 92. The title runs :

"
Duty of local authority to inspect

district for detection of nuisances ".

Section 93. Information of nuisances to the local authority

may be given
"
by any person aggrieved thereby, or by

any two inhabitant householders of such district, or

by any officer of such authority, or by the relieving

officer, or by any constable or officer of police force of

such district ".

Section 94. On receipt of information of nuisance the local

authority, if satisfied of its existence, shall serve notice of

abatement within a specified time on the person by whose

act, default or sufferance the nuisance arises, and require

him to execute the necessary works.

Section 95. On non-compliance with the notice from the

urban or rural authority a summons shall be taken out

by that authority before a court of summary jurisdiction.

Section 96. If the court is satisfied that the alleged nuisance

exists, or that, although abated, it is likely to occur on

the same premises, the court shall make an order requiring

compliance with the notice of the authority, or prohibit

the recurrence of the nuisance or both, and may impose a

penalty not exceeding 5, and shall give direction as to

costs.

Section 98. Penalty imposed, not exceeding 10s. a day, for

not obeying the order of the court if the defendant fails to

satisfy the court that he has used at all times all diligence

to carry out the order. In these cases the evidence of
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experts may be required to show what might have been

done.

Section 102. This section refers to the powers of the local

authority to enter any premises from which a nuisance

proceeds, or to obtain a magistrate's order in cases where

admission is refused.

Section 105. This "
enables any individual aggrieved by a

nuisance, or any inhabitant of, or any owner of premises

in the district to complain to a justice, whereupon the

proceedings by summons, order of abatement, etc., will be

the same as though the local authority itself were the

complainants ".

Section 106.
" Where it is proved to the satisfaction of the

Local Government Board (London) that a local authority

are neglecting their duty in the suppression of a nuisance,

the Local Government Board may authorise any officer of

police to act in the place of the local authority."

From this section we gather that it is quite possible for

any individual who is not satisfied as to what is being done by
the local authority for the suppression of smoke to make a

definite statement of all the details of the case, and the Local

Government Board will then have to respond and make full

enquiries into the case.

Section 107 gives powers to the local authority to take cases

to superior courts to enforce the abatement or prohibi-

tion of a nuisance when in their opinion the proceedings

before the local magistrates have not yielded a satisfac-

tory solution of the difficulty.

Section 108. In this section power is given to a local authority

to proceed against a nuisance which appears to be partly

or wholly caused by acts committed outside its own district.

The case must, however, be tried in a court in the district

where the fault has been committed or in a superior court.

Section 334.
"
Nothing in this Act shall be construed to
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extend to mines of different descriptions so as to interfere

with or to obstruct the efficient working of the same
;

nor to the smelting of ores or minerals, nor to the calcin-

ing, puddling and rolling of iron and other metals, nor

to the conversion of pig iron into wrought iron, so as to

obstruct or interfere with any of the processes respec-

tively."

Besides this general Act, which may be made use of by

any local authority whatever, there are many sections and

clauses of local Acts which are made use of, either in place of

the Public Health Act or in conjunction with it, according to

the fancy of the authority in question.

The Act is not specific as to what amount of smoke con-

stitutes a nuisance, and this point is left to be decided by the

court before which the case is tried. In order to make the

offence of a more definite and specific kind, some authorities

have formed bye-laws of a more or less stringent character

relating to the quantity of black smoke which may be emitted

in a given time. These rules show great divergence of opinion

among the different authorities as to what does constitute a

nuisance. For instance, in Bolton (Lanes.) a fine is imposed
if for more than three minutes in the half-hour or six minutes

in the hour dense, black smoke is seen to issue from a chimney ;

whereas in Oldham the authorities are more lax and allow

twelve minutes in the hour of dense, black smoke. There is

also great difference in the way the density of the smoke is

defined and as to what exactly constitutes black smoke. The

fines imposed are in many cases quite inadequate, and have

very little effect in tending to deter the offenders from allow-

ing the nuisance to continue.

In London, perhaps more than anywhere, has the smoke

nuisance been properly approached. This is in a great measure

due to the fact that the matter is put into the hands of the

police, who are empowered to report any chimneys that they
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deem to be unduly productive of smoke. By this arrange-

ment the chimneys are liable to be reported on at any moment,

and the effect of introducing this strong manner of dealing

with the question has been to bring about results far ahead

of any that can be recorded in the more exclusively manu-

facturing centres. And it is not that there are few industrial

chimneys in London, for it is well known that in certain

districts the number of boiler and other furnaces is very great.

If London can deal with the trouble, it ought surely to be

possible for the great industrial communities to do as much.

In order to give the reader definite information as to the

means adopted by our local authorities for the abatement of

the smoke nuisance, the writer submits the following details

relating to the methods observed by the authorities of a

number of the chief towns and cities in Great Britain. In

many cases local Acts are made use of, either alone or as

supplementary to the Public Health Act. Several of these Acts

are given so far as the sections relating to the smoke nuisance

are concerned. It will be seen that, both as regards the

general methods of .procedure and in respect to the legal

powers employed, there is a great deal of variety. Very few

towns are alike in these respects. It is a great pity that this

is so, because the local conditions cannot possibly affect the

emission of smoke to any appreciable extent, and it would be

much more satisfactory if a general set of regulations could

be framed which would be applicable to all parts of the

country.

BOLTON (LANCS.).

In this town proceedings are taken under the Local

Government Provisional Orders Confirmation (No. 15) Act,

1893, section ii., sub-section 2. Sub-sections 1 and 2 are given

in full below.
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When an inspector sees a chimney sending out black smoke

in large quantities he makes a note in his pocket-book, and, as

soon after as possible, he takes a thirty minutes' observation,

recording the particulars in his smoke note-book. The heading
of a page of this book is as follows :

Date Page

Name of Firm

Description of Works

Situate in

No. of Observation No. of Boilers.

Place of Observation

Time.
Black

Smoke,
M.

Remarks.

If black smoke issues for as much as two and a half minutes

in the half hour, or at the rate of five minutes in the hour, the

inspector then makes out an observation memorandum and

leaves it at the works. This form is as follows :

COUNTY BOROUGH OF BOLTON.
BLACK SMOKE OBSERVATION.

OWNER
DESCRIPTION OF WORKS

|

AND WHERE SITUATE )

DATE
TIME
DURATION OF BLACK SMOKE MINUTES.

INSPECTOR.
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While at the fireplace the inspector makes a note of what

he sees and is stated to him, especially with regard to the

smoke-preventing apparatus, number of boilers available,

number of boilers working, etc. The instructions given to the

inspector and the details of the information obtained are shown

below.

SMOKE OBSERVATIONS.

" The Medical Officer of Health will be glad if the inspectors

will obtain information under the following headings in each

smoke observation, and enter the same in the smoke pocket-

books :

1. Factory or workshop (registered office).

2. Chimney.
3. Number of boilers.

4. Number of boilers at work.

5. Number of furnaces to each boiler.

6. Mechanical apparatus used on each furnace.

7. Mechanical stokers.

8. Whether in working order.

9. Whether hand-fired.

10. Name of fireman.

11. Does he attend engine as well.

12. Direction of wind.

13. Remarks.
"
During an observation no notice is taken of emissions of

less than half a minute."

The nuisance is entered in the smoke observation note-

books and records, and as soon as possible after this the

council notice to abate is served. In the report books ful]

particulars are entered of the name of the firm, situation, date,

time during which black smoke is seen, direction of wind,

state of atmosphere, name of inspector, etc. Separate books
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are kept for nuisances for notices, nuisances for prosecution.

Complete details of all observations, and the full account of

observations, notice, prosecution and penalties imposed in the

case of each firm dealt with are summarised in other books.

If the emission of black smoke is repeated after the notice

to abate has been served, the sanitary committee at their

next meeting authorise the medical officer of health to take

proceedings.

The following is the form used in sending the notice of

abatement :

"NOTICE AS TO CHIMNEY SENDING FORTH BLACK SMOKE.

BOLTON CORPORATION ACT, 1872.

Local Government Board's Provisional Orders Confirmation

(No. 15) Act, 1893.

To
"
WHEREAS, on the day of

,
189

,
from a

certain chimney not being the chimney of a private dwelling-

house, to wit, the chimney of Mill, situate in

or near Street in the said Borough, black smoke

was emitted in contravention of the provisions of Article II.

(2) (A) of the Bolton Order, confirmed by the above-mentioned

Act, in such a quantity as to be a nuisance [where the best

practical means for preventing such emission are not in use],
" Now the Mayor, Aldermen and Burgesses of the Borough

of Bolton, in the County of Lancaster, pursuant to the pro-

visions of the above-mentioned Acts, do hereby give to you as

owner or occupier of the land on which the said chimney is

.situate, notice to discontinue such emission of black smoke as

aforesaid, and do further give you notice that if after the

service hereof such emission is repeated you will be liable to

a penalty not exceeding five pounds for each such offence, and



160 THE PEEVENTION OF SMOKE.

on each subsequent conviction to a penalty not exceeding

twenty pounds.
" DATED this day of

,
189 .

R, G. HINNELL,
Town Clerk.

"
Duplicate of this notice served by nie this day of

,19 , by sending the same prepaid through the

General Post Office at Bolton addressed to

(Signed)

Chief Clerk."

The following is the full text of the Act of Parliament

under which action is taken by the corporation of Bolton :

LOCAL GOVERNMENT BOARD'S PROVISIONAL ORDERS

CONFIRMATION (No. 15) ACT, 1893.

Section 2, Sub-section 1. (a) If any fireplace or furnace

for the time being employed within the borough in

the working of engines by steam (not being a loco-

motive engine used on the railway of any company

incorporated by Act of Parliament), or used for the

purposes of trade or manufacture, or baths or wash-

houses (although a steam engine is not used or

employed therein), is not so constructed as to con-

sume or burn the smoke arising from such a fireplace

or furnace, the owner or occupier of the building or

land in or on which such fireplace or furnace is situate

shall be liable to a penalty not exceeding ten pounds.

(6) If any such owner or occupier uses any such fireplace

or furnace not so constructed as aforesaid, or if any
such owner or occupier, or any engineer, fireman,

stoker, foreman or other person employed by such
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owner or occupier negligently uses any fireplace or

furnace so constructed as aforesaid in such manner

that the smoke arising therefrom is not effectually

consumed or burnt he shall be liable to a penalty not

exceeding ten pounds, and to a further penalty not

exceeding forty shillings for every day during any

part of which such fireplace or furnace is so con-

tinued to be used after one month's notice, in writing,

given by the corporation to the owner or occupier to

remedy or discontinue the same.

(c) If any such owner or occupier refuses to allow such

building or land to be inspected by a person autho-

rised by the corporation then any person so autho-

rised may, by warrant under the hand of a justice

(which warrant any justice is hereby authorised to

grant), enter into and upon such building or land

and examine any such fireplace or furnace.

Provided that these provisions shall not be held in all cases

to mean that it shall be necessary to consume or burn

all the smoke, but the court hearing an information

or complaint against a person shall dismiss the in-

formation or complaint if of opinion that such

person has so constructed his fireplace or furnace, o.

fireplaces or furnaces, as to consume or burn as far
as practicable all the smoke arising from such fire-

place or furnace, or fireplaces or furnaces, and has

carefully attended to the same, and consumed or

burned as far as possible the smoke arising from such

fireplace or furnace, or fireplaces or furnaces.

Sub-section 2. (a) If from any chimney, not being the

chimney of a private dwelling-house, black smoke is

emitted either in such quantity as to be a nuisance,

or where the best practicable means for preventing

such emission are not in use, the corporation may,
11
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on complaint by any person aggrieved or by two

inhabitant householders of the borough, cause

notice to be given to the owner or occupier of the

land on which such chimney is situate, or to the

owner or occupier of the furnace or fireplace in

connection with which such chimney is used, to

discontinue such emission, and if after such notice

the emission is repeated such owner or occupier shall

for each such offence be liable to a penalty not

exceeding five pounds, and on each subsequent con-

viction to a penalty not exceeding twenty pounds.

(6) Where more fireplaces or furnaces than one communi-

cate with a single chimney, or a chimney is used

with more fireplaces or furnades than one, the names

of the several owners or occupiers of the buildings or

land on which such fireplaces, or furnaces, or chimney
are situate may be included in one summons, and the

justice or justices before whom the case is brought

may in his or their discretion apportion the penalty

between the several owners or occupiers, as the case

may be, or impose a penalty on one or more of such

owners or occupiers to the exclusion of the others.

BRISTOL.

In Bristol there are no special smoke inspectors, the matter

being dealt with by the inspector of nuisances as representing

the Public Health Department. There are no special local

Acts or bye-laws available, and any action must be taken

under the Public Health Act of 1875.

CARDIFF.

Here there is no special local Act of Parliament, but any

steps that are taken are under the Public Health Act of 1875.
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Apparently, from what the writer can learn, there is little

trouble in Cardiff' with regard to the smoke nuisance.

EDINBURGH.

In this city the smoke nuisance is dealt with by the burgh

engineer, who, on receipt of a complaint as to the emission of

smoke, sends out two inspectors. These take observations

for periods ranging from two to four hours. The result of the

observations is reported to the burgh engineer, who, in the

case of a first offence, writes to the offenders, and points out

that a complaint has been made, and encloses a copy of the

notice which is given below. In making their inspection the

inspectors take the firemen in hand, and, from their own

knowledge and experience, are able to give such advice and

instruction that a great improvement is generally effected.

In the case of a second complaint, and after making further

observations to test the validity of the complaint, action is,

taken by the public prosecutor in a local police court.

Besides action taken in this way as the direct result of

complaint, inspectors are constantly engaged in overlooking
all the works and manufactories throughout the city.

Legal action is taken under the sections of local Acts given

below.

In addition to these a copy is given of the notice sent out.

The notice and the copy of the sections of the Acts are printed

on the same sheet.

Section 295 of The Edinburgh Municipal and Police Act,

1879.

"
295. Every furnace employed or to be employed in the

working of engines by steam, or in any mill, factory, dyehouse,

iron foundry, glasshouse, distillery, brewery, gaswork, or other

building used for the purpose of trade or manufacture, shall be
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constructed so as, so far as practicable, to consume or burn the

smoke arising from such furnace
;
and every person who shall

use any furnace which shall not, so far as practicable, be so

constructed and used as that the smoke arising therefrom

shall, so far as practicable, be effectually consumed or burned,

or shall carry on any trade or business which shall emit any
effluvium offensive or injurious to the health of the inhabitants

in the neighbourhood of the premises in which such trade or

business is carried on, shall be liable to a penalty not exceed-

ing five pounds for and in respect of every day or part of a

day during any portion of which such use of such furnace or

.such emission shall be continued, after one month's notice shall

have been given by the Magistrates and Council to remedy or

discontinue the same."

Sub-section 3 of Section 87 of The Edinburgh Improve-
ment and Tramways Act, 1896.

" Section 295 of the Act of 1879 shall be read as if the

following proviso were added at the end thereof :

' Provided

always that where the emission of black or brown smoke from

any furnace or fire is caused by excessive, careless, or in-

efficient firing, or by the mismanagement of any furnace or

fire, the liability for the said penalty shall be incurred on

conviction, without service of any notice or requirement for

its discontinuance or remedy being necessary '."

Section 65 of The Edinburgh Improvement and Tramways
Act, 1896.

"
Every new and every existing chimney stalk or flue

connected with the furnace of a steam boiler or other furnace

for commercial or manufacturing or other purposes shall be

built of sufficient height to carry off the smoke and other

products of combustion without offence to the occupiers of
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neighbouring houses or buildings, and the Dean of Guild

Court may, on the application of the master of works or any

person interested after giving parties an opportunity of being

heard, issue an order requiring the owner of any such chimney
stalk or flue (new or existing) to raise the same up to a height

sufficient, in the opinion of the said court, to carry off the

smoke and other products of combustion, as aforesaid, and

such owner shall, on failure to comply with such order, be

liable in a penalty as hereinafter in this Act provided."

COPY OF NOTICE.

BURGH ENGINEER'S OFFICE,

POLICE CHAMBERS,

EDINBURGH, 189

To

SMOKE NUISANCE.

SIR,

I beg to direct your attention to the further powers

obtained by the Magistrates and Council of the City of

Edinburgh, under section 87, sub-section 3, and section 65

of The Edinburgh Improvement and Tramways Act, 1896

(see third page), whereby it is provided and enacted that

liability to the penalty applicable to emissions of smoke caused

by excessive, careless, or inefficient tiring is incurred on con-

viction without service of any notice or requirement for dis-

continuance or remedy being necessary.

I am, Sir,

Your obedient Servant,

JOHN COOPER,

Burgh Engineer.
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GLASGOW.

Here there is a local Act which provides the necessary

powers under which action is taken. The section of this Act

of Parliament is as follows :

Glasgow Police (Further Powers) Act, 1892, Section 31.

"
Every person who so uses, causes, permits, or suffers to

be used, any furnace or fire within the city (except a house-

hold fire) so that smoke issues therefrom, unless he proves that

he has used the best practical means for preventing smoke,

and has carefully attended to and managed such furnace or

fire so as to prevent, as far as possible, smoke issuing there-

from, shall be liable for the first offence to a penalty not

exceeding forty shillings, and for a second or any subsequent

offence, if committed within twelve months of the immediately

previous conviction, to a penalty not exceeding five pounds."

The system of inspection is a thoroughly comprehensive
one. When a chimney is to be observed two inspectors are

deputed to take simultaneous observations from different

points of view, and not in sight of one another. Evidence

is given in court by each of the two without having in the

meantime communicated with one another. I am indebted to

Mr. Peter Fyfe, the Chief Sanitary Inspector, for a page of

the inspectors' note-book which is in use in Glasgow. The

page consists of a form in which spaces are provided for the

insertion of information on the following points :

Name and address of firm (against whom the complaint is

lodged)

Number and size of boilers

Grate area and coal consumption
Kind of coal used
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Horse-power of boilers and working pressure

Dimensions of chimney
Size and horse-power of engines

Fireman in charge of furnace

Apparatus in use for smoke prevention

Supposed cause of smoke excess

Warnings given and dates

Convictions in police court

In addition to these details is a blank form on which to

plot the results of any smoke observations that are taken.

These are shown below, both the blank forms from the page
of the book and an example of an actual plotted chart (Fig.

46). It will be seen that five degrees of density are made use

of, the density at the end of each twenty seconds being marked

on the chart on its own line of reference. The points so

obtained are joined by a continuous curve, with the result

shown in the example given. The chart is then made use of

in order to ascertain, first, the number of minutes during

which the smoke was "
black'

9

and, secondly, the number of

minutes during which it was " above dark brown ". This is

the standard form on which the results are plotted in cases of

prosecution. A rough plan is attached showing the direction

of the wind and the location of the point of observation.

If the different local authorities who are specially con-

cerned in this matter would agree upon one uniform system

to be used in all parts of the country the cause of smoke

abatement would be helped on, inasmuch as greater facilities

would then be given for the comparison of the results obtained

under varying conditions and with the furnaces which may
be in use at different places.



SPECIMEN PAGE OF SMOKE BOOK.

NAME AND ADDRESS
OF FIRM.



THE LEGAL ASPECT OF THE SMOKE QUESTION. 169

ii

ct

(5

(17

C 8

I!
s
H
fe

>
UJ

E

(5



170 THE PREVENTION OF SMOKE.

LEEDS.

In Leeds action is taken under the sections of the local

Act of Parliament which are given below. Inspectors are

constantly observing the chimneys, and, if one is found

to be giving out more than the specified amount of black

smoke, the following brief notice is sent out to the offender :

SMOKE INSPECTOR'S OFFICE,

MUNICIPAL BUILDINGS, LEEDS.

18

Observations having been made of the smoke emitted

from the chimney attached to your
furnace situate at

in the township of
,
I find it is far

denser and blacker than it should be, and I hope you will

at once adopt such means to prevent a recurrence of the

nuisance as shall prove efficient without further notice.

I remain,

Yours respectfully,

If, on receipt of this, no improvement is effected, the

following special notice is sent, which, if not complied with,

is followed by legal action being taken before the justices.

In determining whether the smoke emitted constitutes a

nuisance, it is usual to allow five minutes in the hour.

No.

SMOKE INSPECTOR'S OFFICE,

MUNICIPAL BUILDINGS, LEEDS.

SPECIAL NOTICE.

COUNCIL OF THE CITY OF LEEDS.

I, the undersigned,
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being an officer of the Council of the

City of Leeds, duly appointed in this behalf, DO hereby give

you notice that by section 70 of the Leeds Improvement Act,

1866, it is enacted that " From and after the passing of this

Act every furnace employed, or to be employed in the City of

Leeds, in the working of engines by steam, and every furnace

employed or to be employed in any mill, factory, printing

house, dye house, iron foundry, glass house, distillery, brew

house, sugar refinery, bakery, gasworks, waterworks, or other

buildings used for the purposes of trade or manufacture

within the said city (although a steam engine be not used or

employed therein), shall in all cases be constructed or altered

so as to consume or burn the smoke arising from such furnace
;

and if any person shall hereafter within the said city use any
such furnace which shall not be constructed so as to consume

or burn its own smoke, or shall so negligently use any such

furnace as that the smoke arising therefrom shall not be

effectually consumed or burnt," and whereas you cause the

nuisance referred to in the said Act by permitting or causing

dense smoke to issue from the furnaces used by you in the

trade or business of a

THIS is to give you notice that if the said nuisance be not

abated, by the alteration and construction of your said fur-

naces so that the smoke arising therefrom shall be effectually

consumed or burnt, proceedings will be taken before the

justices to recover the penalties therein provided, without

further notice.

Dated this day of
,
one

thousand eight hundred and
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Sections extracted from The Leeds Improvement Actf

1866. (29 & 30 Viet.)

" LXX. And whereas by the twenty-fifth Section of the-

said Act of 1856, it is enacted that, from and after the first

day of March, 1857, every furnace employed in the Borough
of Leeds for the purposes in the said Section mentioned, shall,

in all cases, be constructed or altered so as to consume the

smoke arising from such furnace, but the said enactment is so

limited by various subsequent provisions as to be practically

nugatory, and the nuisance arising from the smoke in the said

borough not only continues, but increases to the great injury

of the health of the inhabitants of the borough, and also of

the vegetation and property within and in the neighbourhood
of the borough : Be it enacted, that the twenty-fifth, the

twenty-sixth, the twenty-seventh, the twenty-eighth, the

twenty-ninth, and the thirtieth Sections of the said Act are

hereby repealed, and in the stead thereof the following pro-

visions shall be in force as follows :

"
(a) From and after the passing of this Act, every furnace

employed or to be employed in the Borough of

Leeds, in the working of engines by steam, and

every furnace employed or to be employed in any

mill, factory, printing house, dye house, iron foundry,

glass house, distillery, brew house, sugar refinery,

bakery, gasworks, waterworks, or other buildings

used for the purpose of trade or manufacture within

the said borough (although a steam engine be not

used or employed therein) shall in all cases be

constructed or altered so as to consume or burn

the smoke arising from such furnace
;

and if any

person shall hereafter within the said borough use

any such furnace which shall not be constructed so-

as to consume or burn its own smoke, or shall so
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negligently use any such furnace as that the smoke

arising therefrom shall not be effectually consumed

or burnt, or shall carry on any trade or business

which shall occasion any obnoxious or offensive

effluvia, or otherwise annoy the neighbourhood or in-

habitants, without using the best practical means for

preventing or counteracting such annoyance, every

person so offending, being the owner or occupier

of the premises, or being a foreman or other person

employed by such owner or occupier shall, upon a

summary conviction for such offence before any

justice or justices, forfeit and pay a sum not more

than five pounds nor less than forty shillings, and

upon a second conviction for such offence the sum

of ten pounds, and for every subsequent conviction

the sum of twenty pounds ;

"
(b) Provided always, That the words ' consume or burn

the smoke '

shall not be held in all cases to mean
' consume or burn all the smoke,' but that the

justice or justices before whom any person shall be

summoned shall not impose the penalties enacted by
this Act if he or they shall be of opinion that

so far as, in the judgment of the said justice or

justices, is practicable, without damaging the article

manufactured or operated upon, or rendering neces-

sary any expenditure or inconvenience which in

the opinion of the said justice or justices shall

be unreasonable, such person has so constructed or

altered his furnace as to consume or burn, as far as

possible, all the smoke arising from such furnace, and

has carefully attended to the same, and consumed or

burned the smoke arising from such furnace
;

"
(c) No means for the prevention or consumption of smoke

shall be deemed practicable within the meaning of
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this Act, as regards the application to any dye pan,

dye vat, or dye vessel, used for the dyeing of wool^

woollens, or worsted stuffs, or as regards the smelting

of iron ores, or the refining, puddling, shingling,

and rolling of iron or other metals, or the melting
and casting of iron into castings, or as regards the

coking of coal, or the calcining of ironstone or lime-

stone, or the making or burning of bricks, quarries,,

tiles, or pipes, unless it shall be proved to the satis-

faction of the justice or justices, or, in case of appeal,

to the satisfaction of the court of quarter sessions,

that the same have been successfully applied in

similar processes, and are in actual operation, and

have been used for twelve months in similar pro-

cesses or in similar trades, under like circumstances ;

"
(<i) All persons whatsoever making use in any build-

ings within the borough of fires casting up large

quantities of smoke or flame, shall alter all the

chimneys and furnaces which are now made, and

shall construct all chimneys and furnaces which

shall at any time or times hereafter be made in

or in connection with any such buildings of such

respective heights, not exceeding ninety feet, as the

council shall order or direct, for the purpose of

preventing as much as may be the same from being

a nuisance, and every person who shall neglect or

refuse to alter or construct his chimney or furnace

according to such order or direction, for the space

of three months after notice in writing for that

purpose, signed by the town clerk, or any officer

appointed by the council shall have been given to

him or left at his dwelling-house, or at the building

in which such chimney or furnace is placed, or to

which the same belongs, shall forfeit and pay any
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sum not exceeding ten shillings for every day

during which after the expiration of such three

months he shall use any such chimney or furnace,

which shall not have been altered or constructed

according to such order and direction: Provided

always, That no penalty shall be imposed on any

person for any alleged offence against any such

order or direction as aforesaid, unless it shall be

proved to the satisfaction of the justice or justices

before whom the case shall be heard, or, in case of

appeal, to the satisfaction of the court of quarter

sessions, that the alteration or construction of the

chimney or furnace of such person required by such

order or direction may be made or effected without

damaging the article manufactured or operated

upon, or rendering necessary any expenditure or

inconvenience which, in the opinion of such justice

or justices, or of such court of quarter sessions (as

the case may be) shall be unreasonable
;

"
(e) If the owner or occupier of any premises to which this

Act shall apply shall refuse to allow his premises to

be inspected by the inspector of smoke, or if any

person complaining of the issue therefrom of an

excessive quantity of smoke, shall lay an informa-

tion on oath before a justice of the peace, it shall

be lawful for any constable or constables, authorised

by warrant under the hands of two of Her Majesty's

justices of the peace for the said borough, to enter,

with the inspector of smoke, who shall be bound

to act under such warrant, into and upon any

building or premises in the said borough in which

any furnace may be or in which such noxious trade

or business may be carried on, and to examine

into the construction of and manner of using such
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furnace
;
and any person obstructing any such con-

stable, or his assistants, in the execution of any such

warrant or order shall, upon a summary conviction

for such offence before any justice or justices, forfeit

and pay any sum not exceeding twenty pounds ;

"
(/) The council of the borough shall within three months

after the passing of this Act appoint a fit person to

be an inspector of smoke in the said borough, and

shall pay to the said inspector such salary as they

may from time to time determine
;
and may at their

pleasure remove any person so appointed, and shall

appoint from time to time some other fit person in

the room of any inspector who shall be so removed,

or who shall die or resign his office, and the salary

so fixed shall be paid by the corporation out of the

improvement rates to be levied in and throughout

the borough ;

"
(g) It shall be lawful for the said inspector, and he is

hereby required to commence and prosecute at his

discretion informations or legal proceedings against

any person for the recovery of any penalty or

forfeiture to be incurred under or by virtue of the

enactments hereinbefore contained with respect to

the prevention or consumption of smoke, and that

without any authority from, or reference to, the

council of the borough, or any committee thereof
;

and the expenses reasonably incurred by the in-

spector in the performance of his duty shall be from

time to time paid by the corporation out of the

improvement rates to be levied in and throughout
the borough, and it shall also be lawful for any other

person to commence and prosecute at his own cost

and risk any such information or proceeding, provided

that such person is an inhabitant of the borough.
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" LIX. The corporation from time to time may regulate

the height of the chimneys of all buildings, on or at any time

after the passing of this Act, used for the purposes of trade or

manufacture, or for baths and wash-houses, and may by order

in writing direct that any chimney shall be altered or built so

that the same shall be of the height specified in such order
;

and any person who shall not comply with such order, or who,

in the case of any new chimney, shall neglect to give seven

days' notice in writing to the corporation, or their surveyor,

of his intention to build the same, shall for every such offence

forfeit not exceeding twenty pounds."

LONDON.

Throughout London proceedings are taken under sections.

23 and 24 of the Public Health (London) Act, 1891.

MANCHESTER.

In the city of Manchester the Public Health Act of 1875

is made use of in dealing with the smoke nuisance, the actual

part being sub-section 7 of section 91, and this is supple-

mented by section 44 of the Manchester Corporation Act,

1882. The above mentioned sub-section of the Public Health

Act, 1875, has already been given. The section of the supple-

mentary local Act, dealing with "Smoke Nuisances," runs as

follows :

" For the purposes of more effectually carrying into effect

the provisions of the Public Health Act of 1875 in

respect to smoke nuisance when an order of abate-

ment or prohibition has been made under that Act,

it shall be lawful for the justices of the peace for

the city to impose any daily penalty not exceeding

10 in respect of any breach or non-observance of

such order."

12
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The effect of this section is to increase the penalty from

1 to 10 (at the discretion of the justices), and it is the only

section of the local Act of 1882 relating to smoke prevention.

NEWCASTLE-UPON-TYNE.

In Newcastle the smoke abatement question is in the

hands of the inspector of nuisances. Legal proceedings are

taken under the Public Health Act of 1875.

SALFORD.

In this borough, where there are a great number of

manufactories of all kinds, legal proceedings are taken by the

Health Committee of the Council, under a local Act of 1862,

whose provisions are stated in the following notice, which is

issued by the medical officer of health :

Notice of Penalties for Non-consumption of

Smoke, and requiring Fireplaces or

Furnaces to be remedied or discontinued.

BOROUGH OF SALFORD.

CONSUMPTION OF SMOKE.

TAKE NOTICE, that, under the provisions of The

Salford Improvement Act, 1862, if any fireplace or furnace,

employed or to be employed within the borough, in the work-

ing of engines by steam, or in any building used for the

purpose of trade or manufacture, or baths, or wash-houses

(although a steam engine be not used or employed therein),

shall not be so constructed as to consume or burn the smoke

arising from such fireplace or furnace, the owner or occupier

of the premises, on which such fireplace or furnace shall be

situate, is liable to a penalty not exceeding five pounds. And

that every person being the owner or occupier of the premises,
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or being a foreman or other person employed by such owner

or occupier, who shall use any such fireplace or furnace which

shall not be so constructed as aforesaid, or shall so negligently

use any fireplace or furnace which has been so constructed

as aforesaid, so that the smoke arising therefrom shall not

be effectually consumed or burnt, is liable to a penalty not

exceeding ten pounds, and to a further penalty of forty

shillings for every day during any part of which such fire-

place or furnace shall be so used and continued, after one

month's notice, in writing, shall have been given to the owner

or occupier to remedy or discontinue the same.

AND TAKE NOTICE, that a certain fireplace or furnace,

employed by you in a certain

occupied by you in Street, in the said

borough, is not so constructed as to consume or burn its own

smoke, and that you are, therefore, hereby required by the

corporation of the said borough to discontinue the use of such

(fireplace or furnace), or remedy the construction thereof, and

so use the same that the smoke arising therefrom shall be

effectually consumed or burnt, and that in default thereof

proceedings will be taken after the expiration of one calendar

month after the service of this notice upon you, for the

purpose of enforcing payment of the penalties aforesaid.

Dated this day of 187 .

Medical Officer of Health,

Town Hall, Salford.

In addition to this notice, which is used in specific cases,

a general supplementary notice was issued in October, 1900,

calling the attention of the owners to the fact that the amount

of smoke issuing from the chimneys of the different works in

the borough had been distinctly on the increase, and pointing

out that, in the first place, there is no need for any works
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to produce black smoke, and that the conditions which conduce

to smokeless firing are beneficial to the manufacturer
; and,

secondly, that the production of black smoke is illegal under

the powers possessed by the corporation in the Salford Im-

provement Act of 1862.

This notice further states that whereas the time allowed

for the emission of black smoke had been five minutes in

every hour's observation, the time of observation would be

reduced to half an hour, and that works sending out smoke

for more than three minutes in this time would be prosecuted.

It was also recommended that a 30 ft. by 7J ft. Lanca-

shire boiler should in no case burn more than twenty tons

of coal per week, and if this amount is to be exceeded special

mechanical appliances are necessary. This refers to hand

firing, presumably with natural draught.

The committee do not recommend any special appliances,

beyond stating that coking stokers are the most satisfactory

smoke-preventing appliances.

They also lay special stress on a manufacturer having

sufficient boiler accommodation, and state that they will

prosecute the fireman and not the owner where smoke is

emitted in excessive quantities and there is at the same time

sufficient boiler accommodation.

All these recommendations are thoroughly sound, and the

committee appear to be doing their best to deal with the

smoke question under the existing conditions.

SHEFFIELD.

In Sheffield there is no local Act, but the Health Depart-

ment prosecute persons allowing an excessive amount of black

smoke to be emitted, under the Public Health Act of 1875.



CHAPTER IX.

THE MEANS TO BE ADOPTED FOR LESSENING THE SMOKE
IN OUR ATMOSPHERE.

IN the preceding chapters the conditions appertaining to com-

bustion, the various furnaces which are in use, the special

appliances which have been, and are being used for the purpose

of smoke abatement, and the law relating to this question have

all been discussed. It now remains to collate and sum up the

various arguments, and to see in what directions good results

may be expected and what are the best means to be adopted

under given circumstances.

The question may be approached from one of two different

standpoints, namely, that of the general public, who are the

sufferers from the smoke nuisance, and who have a right to

demand that something be done to improve the atmospheres of

our large towns
; and, from the point of view of the persons

who are directly responsible for the existence of the smoke,

these being chiefly factory owners who make use of boiler or

other furnaces in the processes of their manufactures. The

latter may or may not be included in the former class, most

frequently not. This must be regarded as one of the most

potent causes of the indifference of many factory owners

to the evils caused by their own unwillingness to try and

improve the conditions of working or to spend the necessary

money. A very large number of the owners of smoke-

producing factories live in other neighbourhoods, where they

may be free from the evil effects of their own smoke, and that
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of their fellow millowners. If they had to spend their lives in

close proximity to their mills perhaps they would become a

little more conscious of the existence of the smoky atmosphere.
Of course this is not always the case

;
some millowners do

live close to their mills, especially in the country districts,

but it is here that the smoke becomes more distributed and

its presence not so noticeable. But, at the same time, it is most

extraordinary how a man can live within 100 yards of his

mill and see day by day, as he cannot help doing, dense

volumes of black smoke pouring from the top of the chimney
of his mill and not take any steps to try and lessen the evil,

if only for the sake of his own comfort and that of his imme-

diate neighbours. The writer knows a case of this kind, where

the owner of a large cotton mill lives in close proximity to

the mill, which is one of the worst as regards smoke that

the writer has seen. The smoke has been pouring out of the

chimney for years and helping to blacken the country for

miles round, soiling the grass even on the tops of the adjacent

moors. This millowner is a most kind and philanthropic

man
;
he takes the greatest interest in the welfare of his

workpeople and in the neighbourhood generally ;
and yet he

is apparently unwilling to consider the question of the emission

of smoke from his mill chimney and to spend the necessary

money on its improvement. There are unfortunately many
such cases, and the fact remains that where a man is making

money by running a factory he often becomes callous and

indifferent to any results produced by his process of manu-

facture on the outside public, for the removal of which a certain

sum of money would have to be expended. The same thing is

found in the case of the alkali works and the fumes sent out, and,

in a rather less harmful degree, in the pollution of rivers. This

spirit of callousness is not confined to the manufacturers alone,

but is found to be more or less universal. How many persons

are there who substitute gas firing for coal fires in their houses
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because they think such a substitution will improve the atmo-

sphere which their neighbours have to breathe ( In most

cases, unfortunately, the reason may be one of expense or

labour, or simply a matter of personal convenience. There can

be little doubt that it is this spirit of callousness which has

allowed the smoke nuisance to assume such large proportions

before any attempt has been made to put a stop to it. The

task is now doubly difficult.

Much has been done and is being done towards the

purifying of our town atmospheres, and, though the evil is

still very rampant, a great deal of good has been effected by
the various committees which have been at work, by the

exhibitions of smoke appliances which have been held, and by
the continuous agitation which is being carried on by a small

minority. But the general public do not even yet seem to

have grasped the smoke question in any degree of fulness,

either as to the extent of the evil or to the possibilities of

improvement which are at hand. The whole matter rests with

the public, and it is for them to awake to the fact and to apply
the remedies which the existing law provides and compel the

producers of smoke to make use of such appliances and methods

as have been proved to be beneficial in lessening the smoke

emitted from boiler and other furnaces.

The present law is certainly defective in that it leaves too

much to the individual and to local authorities. These local

authorities and the justices of the peace who have to administer

the law as it stands are in very many cases composed, if not of

the factory owners themselves, at any rate of men of their own

class and sympathies, and they are naturally not sufficiently

severe in insisting on the absolute stoppage of the emission of

black smoke, when it is proved that such stoppage is possible in

the cases under consideration. The majority of uiillowners are

indifferent to the periodical imposition of nominal fines, and

would much rather pay these without demur, than go to the



184 THE PEEVENTION OF SMOKE.

greater expense of equipping their factories with proper ap-

pliances. It is doubtful if very much permanent good will be

effected until the law is amended and inspectors are appointed
under Government in precisely the same way that the inspectors

of alkali works are appointed. These inspectors should be men
who are thoroughly trained engineers, with special knowledge
on the subject of the combustion of fuel in furnaces of various

kinds. The whole question might be placed in the hands of a

department consisting of a number of these inspectors acting

under a chief inspector. Probably if an inspector had charge
of a large manufacturing district a number of sub-inspectors

would have to be appointed, who would carry out the great

bulk of the inspecting, which is now done by the smoke

inspectors under the local authorities. A system such as this

would render the enforcing of the law a matter for Government

inspectors, who would be quite free from local influence and bias,

and the class of men appointed would naturally be above any-

thing in the shape of bribery. The inspectors would also, being
men with a special knowledge of the best means of combustion,

be able to advise the factory owners as to the best methods to

be adopted in their special cases, and to recommend the use of

definite appliances which their experience and knowledge told

them would be advantageous. One does not see how this con-

dition of things is to be brought about, but it is a matter for the

public and, through them, for Parliament. It is to be hoped
that something definite will be done before long, because the

number of factory chimneys is continually increasing, and the

longer the matter is allowed to proceed on the present lines the

more difficult will be the work which comes afterwards.

But, apart entirely from the legal aspect of the case, assum-

ing that a factory owner is desirous or is compelled by law

to improve his furnaces as regards smoke emission, the next

question which arises is, how may an improvement be effected

with the best prospect of good results accruing, with the least
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possible strain on the pocket of the millowner, and, at the same

time, with economical results at least as good as before ? Much

depends upon the circumstances surrounding the particular case

in question, whether the remedy is to be temporary or per-

manent, partial or complete, whether the boiler if it is a

boiler is a new one or an old one, and so on. The different

remedies may be classed as follows :

TEMPORARY AND PARTIAL.

Under this head are placed cases where it is desired to

provide an effective remedy for smoke, to be applied to an

^existing hand-fired furnace without any great outlay.

1. Careful Firing and Regulation of the Air Supply.

This can hardly be strictly classed as a remedy, for

it is a state of things which should exist at all times

in hand-fired furnaces. There is no question that in

a hand-fired furnace, where proper attention is given

to the firing, such as by the use of side firing or

alternate firing, and the careful use of fire door or

air doors to admit the right quantity of supple-

mentary air at the right time, there need be very
little smoke produced, at any rate in objectionable

quantities. Two conditions are necessary for this

to be done, namely, there must be a good chimney

draught, and the boiler must not be pressed for

steam, with the result of hard firing.

"2. Tke Use of Smokeless Fuel. This is not always possible,

but it may be noted that anthracite is practically

smokeless, Welsh coal nearly so, while coke is quite

smokeless. Where the coal is of necessity not one of

these, by feeding alternately on the two sides of the

fire as mentioned above, or allowing the coal to coke

on the front of the furnace, before it is pushed on to
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the body of the fire, with a due amount of care to

the air supply, nearly smokeless combustion can be

effected.

3. The Application of Steam Jets above the Fire. When
the draught is at all deficient and it is required

to render the furnace smokeless without going to

much expense a very good plan is to have a steam

pipe inserted just above the fire, as in the Whittle

device already described (p. 42). This will help

the draught, and, if the jet is turned on each time

stoking takes place and the door left open, both

for about three to five minutes, it will be found that

the fire will burn without smoke, except in very

unusual cases. The cost of applying one of these

jets is very small and the fixing interferes little with

the work of the fireman. Of course it must be

remembered that the satisfactory and economical

working of this device depends on the fireman, and

any negligence on his part may mean much smoke

and the waste of a good deal of heat.

4. Admission of Air at the Door, through a Special

Valve, or at the Bridge. If the chimney draught
is good an adjustable air valve -in or above the fire

door or at the bridge, to allow of the admission of

supplementary air after firing or when raking, will

do much to prevent the emission of smoke if properly

used and not kept open when the fire is incandescent.

PERMANENT AND PARTIAL.

This is meant to refer to those cases where it is decided to

apply some permanent remedy to a smoky hand-fired furnace^

without introducing any radical changes in the system of

firing.
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1 . Automatic Admission of Supplementary Air. Several

automatic appliances have been described in the fore-

going pages, but there is not one on the market, so

far as the writer is aware, which has been proved in

all respects satisfactory, and has shown by its adop-

tion and employment over a considerable period of

time that it is able to do its work without having
to be stopped for repairs. Several of these have

shown great promise, but they have all developed

some defects which have proved their undoing. In

saying this the writer hopes he is doing no injustice

to any of the many inventors who have approached
this subject.

2. The application ofaforced draught grate, such as that of

Meldrum Bros., Mr. Granger, or Messrs. Mason. These

are particularly well adapted for cases where either

the natural draught is bad or it is desired to increase

the output of the boiler. Smaller and cheaper coal

can be used, thus effecting an economy, the draught

is increased so as to improve the combustion, and by

supplying air above the fire or at the bridge, either

with or without an extra steam jet, the combustion

can be made perfectly smokeless and at the same

time economical.

PERMANENT AND COMPLETE.

Although the above devices if properly used can be made

to burn the coal smokelessly, and at the same time economically,

they one and all depend to some extent on the weakness of

human nature, and cannot be regarded as perfect smoke

burners unless they can be rendered automatic and indepen-

dent of manual control. When, therefore, a new boiler is to

be put in, or it is wished to make an existing boiler perfectly

smokeless, some other method must be adopted.
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Go 8 Firing.

The combustion of gaseous fuel is absolutely smokeless,

except in the case of the high hydrogen gases, which are hardly

ever used in this way. Gaseous firing may be used under one

of several circumstances. There may be a supply of gas already

at hand, yielded as the by-product of some other process, such

as in the case of coke ovens, blast furnaces or other metallurgical

furnaces. In these cases it is only necessary to make the small

structural alterations in the boiler which may be required, and

a smokeless fire will be obtained without any trouble. Where,

however, such a supply of gas is not available, it must be

specially prepared in some kind of gas producer, such as

Wilson's, Dowson's or Mond's. The combustible gas can be

cheaply made, and the first cost of the producer is not high,

but it is only in certain kinds of plant that this kind of firing

is economical, as things are at present. There ought to be

several boilers, and they should be running continuously day

and night, so as not to have to stop and start the producers.

Where these conditions hold, gas firing can be made exceedingly

convenient, for it is smokeless, the air supply can be adjusted

to a nicety, and the furnaces require practically no attention.

Down-draught and Double furnaces.

The down-draught furnaces in use in the United States

and the double furnaces in use chiefly in Germany, seem

to promise very good results both as regards smoke and

economy. The principle which has already been described

is the same in both, namely, the coking or volatilisation of the

hydrocarbons at the front in such a way that they have to

pass through an incandescent zone before reaching the flues,

and in this way are completely consumed. In the down-

draught furnaces this is done by two sets of bars, one above

the other, the green fuel being fed on to the upper bars and the
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hydrocarbons having to pass downwards on to the lower set

of bars before reaching the open flue. In the German furnaces

combustion of the coal takes place between two sets of vertical

bars, and the coal is fed in such a way that the coking is

effected at the front of the boiler, and the hydrocarbons have

to pass through an incandescent zone before reaching the flue.

The principle is good, and reports of tests appear to be favour-

able, but too little is known of these furnaces in this country
for us to be able to form a reliable opinion as to their merits

from every point of view.

In the Murphy furnace, which has also been described, the

same principle is made use of in a modified form. In all these

furnaces, where the coking process is confined to the early

portion of the fire, the combustion is practically smokeless.

Coking Mechanical Stokers.

When a new boiler is to be fitted with a smokeless furnace

the best kind to adopt is without doubt some one of the several

coking mechanical stokers which are made. These are best

adapted for large boilers, either Lancashire or water tube,

where the required supply of steam is to be uniform and

continuous, and also in cases where the capacity of the boiler

is ample for the work it has to do. The firing in all stokers

of this class is smokeless, this being due to the principle

mentioned above, the carrying out of the coking at the front

of the furnace before the fuel has travelled any distance along

the bars. A good mechanical stoker requires very little atten-

tion beyond the keeping the hopper full of coal of the right

kind, that is, small and dry, and may be relied upon to burn

uniformly and smokelessly with a good efficiency. Of course

power is required to drive the mechanism, but the actual

amount of this is small compared with that yielded by the

engine which is supplied with steam from the boiler.
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Dust Fuel Furnaces.

These are smokeless in their action, but they have hardly

as yet passed sufficiently far beyond the experimental stage

to be recommended for application to either existing or new

boilers. Gaseous firing and mechanical stokers of the coking

sort, and possibly double grate furnaces, are much more to be

relied on as yet.

The means which have been recommended for adoption in

certain cases are all well known and have been successfully tried

and not found wanting. If the owner of a furnace or a number

of these is compelled by law to adopt some means of consuming
his smoke, or rather of not producing any ; or on his own initia-

tive desires to render his chimney smokeless, his best plan is to

have his boiler thoroughly tested both for economy and smoke-

lessness, and also to ascertain any specially important points

bearing on these, such as chimney draught, air supply, and so

on, and then to have the opinion of an expert who has had

experience with cases of all kinds, and to take his advice as to

the best means to be adopted. It is very little use to rely

altogether on the opinions of makers of boiler appliances, as

each one is sure to be to some extent biassed in favour of his

own particular system. If the boiler owner gets a number

of such opinions, he is sure to find himself in somewhat of a

dilemma as to how to weip'h the evidence which he has in thisO

way obtained.

One thing is quite certain. If a boiler owner sincerely

wishes to render his boilers smokeless he can do so, provided

only that he is prepared to spend a certain amount of money.
There are very few cases where an improvement cannot be

effected, and where this is so it is the fault in most cases of the

existing conditions.
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FUTURE DEVELOPMENTS.

Such being the methods which are to be employed for the

further diminution of the smoke nuisance, it only remains to

try and form a just and fair estimate as to the effect which

future developments in engineering science and enterprise are

likely to have in furthering the cause of those who are so

strongly in favour of a purer atmosphere in our towns. The

tendency appears to be all in the right direction, and the out-

look may be regarded as distinctly hopeful. And there are

reasons for supposing that the increased purity of the atmo-

sphere of manufacturing towns will be brought about in ways
other than those which have been so strongly urged for the

last ten or twenty years. As far as can be seen, too much

reliance must not be placed on legal remedial measures, as the

law on the smoke question now stands. Unless some drastic

reform in the law is introduced by which the detection and

prosecution of offenders is placed in more responsible hands

than is the case at present, things may be expected to go on as

now, and the newspapers filled with reports of the prosecution

of numberless manufacturers, on whom are imposed small fines

which are quite inadequate. If one of these manufacturers

were to be told that he must either spend 50 on curing his

smoke, or pay the same or a greater sum as a fine, much would

be done towards the end which is so much to be desired.

Signs are not wanting that in several directions an im-

proved state of things is approaching. In domestic cooking

and heating alone great strides are being made in the use of

gas instead of solid fuel, and the one thing that is required to

give an impetus to this method of burning the fuel is a cheaper

gas. Now that electric lighting is taking such a strong hold

of the public mind, and may be expected in the course of a few

years to be as universally used as has been coal gas in the

past, the gas companies and local authorities having control
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of the manufacture of gas may be expected, in view of the

greatly diminished consumption of illuminating gas, to push
forward and develop the use of a second kind of gas which is

adapted for heating purposes only. Such a gas can be made
more cheaply than illuminating gas, and no doubt a great deal

of the existing plant could be utilised for its manufacture and

distribution. This is being done at the present time in the

case of at least one town in the north of England ;
in this case

both kinds of gas are beingmade and distributed simultaneously.

Under the most favourable conditions the use of ordinary il-

luminating gas for cooking and heating is held to be economical

when the price of the gas is not unusually high and all the

circumstances are taken into account, such as labour saved,

possibility of using gas tires only just when they are required,

and the diminished amount of dirt produced in a house. Very
few people, however, will believe that there is an economy un-

less they see a distinct reduction in their coal bill and gas bill

combined, but with a cheaper gas this saving would be at once

apparent, and a much more general adoption of gas fires and

cooking stoves would follow. In the direction of the increased

employment of gaseous fuel for domestic purposes we may
then look for one of the purifying influences.

In electric heating and cooking we may look for another

source of improvement, though this is a question for the more

distant future, and must not be regarded as so certain as the

last mentioned. These heaters, although somewhat wasteful

as far as the conversion of electric energy into heat is con-

cerned, are very economical in other ways. All the heat that

is generated is used, there are no waste gases to be got rid of

and to carry away part of the heat generated ;
like gas stoves

they can be switched on and off at pleasure, and they can

readily be moved about from one part of a room to another.

Gaseous fuel is being used to a much greater extent than

heretofore for manufacturing purposes, where the conditions
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are suitable. It is being recognised by owners of coke ovens,

blast furnaces, and metallurgical furnaces that the heat in

what were formerly considered to be waste gases is capable of

utilisation, and in very many cases this is being done. For

general use for steam raising in boilers the use of specially

prepared gaseous fuel is not, as far as present knowledge and

experience go, suitable except in a very few cases, the chief

reason against this being the fact that most boilers have to be

worked for so many hours during the day and must be shut

down during the night. Of course there are exceptions to this

rule, but they form a small percentage of all the boilers in use.

Another direction in which there are great possibilities is

in the increased use of gas engines in place of steam engines.

By using a gas engine in place of a small steam engine a great

cause of smoke is removed, for there is little doubt that small

boilers, especially small vertical boilers, are much worse sinners

as regards smoke than the larger boilers, and these are being

very rapidly displaced by gas engines driven either with

illuminating gas from a public supply or by cheap gas specially

prepared for the purpose. But it is in the extended use of

gas engines for large powers that the greatest hope lies. Each

year as knowledge and experience grow and mechanical diffi-

culties are overcome we find gas engines being made of larger

and larger powers, and there is no doubt but that these will

to a very large extent replace steam engines for very many
purposes. The chief difficulty which has hindered a more

rapid development in this direction has been due to the im-

possibility of making gas engines as easy to control as steam

engines. These difficulties are being gradually overcome, but

there are still difficulties about starting and stopping gas

engines of large size, which make people very chary of using

them in place of steam engines. In the larger sizes, especially

when using Dowson or other special gas, the gas engine is a

very economical heat engine, and under fair conditions can

13
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be made to compare very favourably with steam engines in

this respect. The difficulty of control depends on the fact

that a gas engine has no reserve of force. In the steam engine
there is a boiler in which the steam can be kept at full pressure

for use whenever desired, and it is only necessary to admit

the steam into the cylinder of the engine to start it
; whereas,

in a gas engine, life, as it were, is extinct while the engine is

not running, and some device must be employed to generate

sufficient force to start the engine before anything can be done.

Possibly this difficulty will be overcome by the use of pressure

tanks capable of storing sufficient energy in the form of com-

pressed air to start the engine at any moment.

Another source of satisfaction is to be found in the fact that

many owners of boilers are making use of either forced draught

to increase the output or are applying mechanical stokers. Of

these latter the greater preference seems to be for the coking

type, which is as it should be, as the coking kind are by far

the better of the two from a smoke abatement point of view.

It is quite a common thing to find a new installation of boilers

being completely equipped with mechanical stokers and, in

many cases, with a full set of conveying machinery for supply-

ing these with the fuel. For hand-fired furnaces the various

systems of forced draught are being greatly used, and these,

although not necessarily smokeless in themselves, provide an

abundant supply of air below the fire bars at a pressure above

that of the atmosphere, and this makes it easy to adjust the

supply of supplementary air which is needful both for economi-

cal combustion and for smokeless tiring. In all probability the

use of mechanical stokers will become much more general in

the near future for both large and small boiler plants.

But the greatest cause of hope for a more permanent diminu-

tion of the smoke in the atmosphere lies in the fact that at the

present time there are signs of a tendency towards centralisa-

tion in the development of power. For this we have to thank
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the advance which has been made in recent years in elec-

trical science. Electricity has proved itself to be for most

purposes the best means of transmitting power to a distance,

and it is on account of this fact that there is a great opening

for development of the centralisation of generating plants

and the transmission of the power developed to distant points.

The first use of electricity for the transmission of power to

anything like a general extent was in the case of the telegraph,

by which motion was given to the parts of a receiving in-

strument by means of certain currents sent along a line to

a great distance from a transmitting instrument. This was

followed by the telephone contemporaneously with the intro-

duction of electric lighting, which has developed to such an

enormous extent during the last seven or eight years.

At the present time (1901) the greatest and most notice-

able development in the utilisation of electrical methods for

transmitting power is in its use for working tram cars and,

to a small extent, railway trains also. Here the current is

generated in a central station, and is transmitted along con-

ductors to all parts of the tram route, where it is picked up
and made use of at any point by the moving cars. It is

probably in connection with the working of cars by means

of electric transmission that valuable experience has been

gained, so as to enable schemes for the general transmission

of much larger amounts of power to be made use of in

America and in Europe, and, more recently, in this country also.

At the Niagara Falls between fifty and a hundred thousand

horse power are constantly being developed from the natural

source of power presented by the Falls themselves. This power

is used to drive dynamos and so generate electricity. The

currents so produced are sent along conductors to towns many
miles away, where they are made to drive numerous motors

for supplying power for various industrial purposes. This is

a typical power installation. The power is developed in bulk
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and at one point, and distributed piecemeal as it is wanted

at various distant points. Similar installations are in use in

other parts of America, and also on the continent of Europe.
In our own country we have no natural supplies of water-

power, except in a very few and insignificant instances, but we
have an abundant source of power in our coalfields, and,

though this source is by no means inexhaustible, it is sufficient

to provide all the factories in this country with power for

very many years to come. Three or four large schemes,

involving the expenditure of several millions of pounds sterling,

are in various stages of development at the present time. The

course to be adopted provides an ideal solution to the smoke

difficulty. In one of these schemes five generating stations

are to be established in the coal districts of the north of

England ;
the stations themselves are to be at the very pit

mouths, so that no cost may be added to the price of the coal

for carriage from the pit to the consumer. At these central

generating stations engines and dynamos are to be provided

with which to generate currents of electricity, which them-

selves are to be sent along lines of conductors to any point

within radii of twenty miles.

At any of these points the current is to be again converted

into available power by means of suitable motors, and the

machinery is to be driven in this way. Thus, for iiistance
;

if a millowner requires power to drive his machinery, he

has only to apply to the Power Company and the current

will be brought to him, so that all he has to do is to provide

one or more motors as may be most convenient, have these

connected to the conductors, and he then has his power

provided ready to hand. In a case of this sort there are no

engines required, no boilers with their possibilities of smoke,

and no workmen to attend to these appliances. Of course

there will be a considerable outlay required on motors and

accessories, but so far we have 110 means of comparing the cost



THE MEANS FOR LESSENING SMOKE. 197

of installation of the electrical plant with that of an equivalent

engine and boiler plant. From the millowner's point of view

the advantages presented by this arrangement are numerous

and great. The only things he will have to concern himself

with are the installation of his motors and accessory appliances,

the care and upkeep of these, and he will have to pay a round

.sum each year for the current provided. There will be no

boilers to attend to, to insure against explosion, and to cause

dirt, the motors will probably occupy less space than the

engines necessary to yield the same power, and, if a system

of small separate motors is made use of, there need be no

shafting to absorb power and waste oil ; and, lastly, he will

stand no chance of being prosecuted for the emission of black

smoke. The only possible producers of smoke under this

.scheme are the generating stations. But, in all probability,

the power will be developed by means of boilers whose

furnaces are of the most approved kind, and the combustion

may possibly be either supplied by gaseous fuel or mechanical

stokers, or both. Some of the power is sure to be required

day and night, and in this case gaseous fuel might be employed,

whereas coking stokers could be used for those boilers which

are only required during the day. This latter is only sup-

position. That these power installations are being prepared

is perfectly true, and they should be welcomed by all those

who are anxious to see our atmosphere clearer, as being the

best solution though not begun for that purpose of the

smoke difficulty that we have yet seen. It is thorough and

complete, and, assuming that the great majority of factory

owners within its influence avail themselves of the advantages

ottered, we may expect to see those neighbourhoods where this

plan is adopted becoming less and less smoky as time goes on.

Thus it is that the smoke trouble may be overcome automati-

cally by means of systems adopted primarily in order to obtain

more convenient development and transmission of the power
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to be used for driving the machinery of factories, and at the

same time to put money into the pockets of the promoters and

shareholders of the companies which have been formed to

undertake the carrying out of the work. And there can be

little doubt but that in the course of a few years, by reason

of the improved methods of combustion, and more economical

methods of utilising the energy latent in the fuel, we may
expect to see an improved atmosphere and the life of our

town inhabitants rendered more pleasant and healthy. If

this comes to pass, and it may not be for a generation or

more, it will be greatly due to the possibilities in power
transmission which the recent advances in electrical science

have made possible.

In the meantime there are many ways in which the com-

bustion of coal on ordinary boiler furnaces may be rendered

perfectly smokeless, either by the use of mechanical stokers

or by the addition of some simple appliances to the furnaces

as they stand. The two greatest hindrances to the introduc-

tion of these improvements are the owners who are unwilling

to spend the necessary money, and the firemen who will not,

in many cases, take the trouble to use the smoke-preventing

appliances with which they may be provided ;
and often this

neglect leads the owners to believe that they are useless, and

the scrap heap is richer by an appliance which, if it had

been properly used, might have rendered very good service

in helping to reduce the smoke of the district in which it

was being used. Firemen are among the most conservative

class of men living. They are brought up and trained to

use one class of furnace, and are extremely averse to trying

to work a new form of furnace with which they may not be

familiar in the first instance. The engineer in charge of the

boilers may take endless trouble in explaining how a new

appliance works, and the fireman himself may be quite ready

to admit its value, but, in most cases, he seems quite unable
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to lift himself out of his old groove and to give a new appli-

ance or furnace a fair chance and a fair trial. This may seern

rather a sweeping statement to make, but most people who

have had any experience in these matters will be ready to

admit that in very many cases perfectly smokeless combustion

would have been effected if it had not been for the incorrigible

-conservatism or obstinacy of a fireman. Most of this must be

put down to ignorance of what is really happening during

combustion, and if firemen could be provided with a little

"
technical education

"
in matters relating to the economical

and smokeless combustion of fuel a vast amount of good might
be expected to ensue. At the same time it must be admitted

that there are numberless fanciful pieces of apparatus on

the market which, though they are supposed to be " smoke

burners," are worse than useless, even in the hands of careful

and competent men. Among such may be mentioned " smoke

washers," in which the smoke after being produced (which

ought not to have happened) is washed by sprays of water,

and in this way the carbon separated out
;
incandescent arches,

air pipes through the water space, and many others, which,

being wrong in principle, cannot be made to work well how-

ever much care is taken with them.
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of the Electric Current ; The Driers used in Boiling Linseed Oil ; The Manufacture of Boiled

Oil and the Apparatus therefor ; Livache's Process for Preparing a Good Drying Oil and its

Practical Application The Preparation of Varnishes for Letterpress, Lithographic and Copper-
plate Printing, for Oilcloth and Waterproof Fabrics; The Manufacture of Thickened Linseed

Oil, Burnt Oil, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air Behaviour
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and Alkalies

Boiled Oil Substitutes The Manufacture of Solid and Liquid Driers from Linseed Oil and
Rosin; Linolic Acid Compounds of the Driers The Adulteration and Examination of the

Drying Oils and Boiled Oil.

Oils, Fats, Soaps and Perfumes.

LUBRICATING OILS, FATS AND GREASES: Their

Origin, Preparation, Properties, Uses and Analyses. A Handbook for

Oil Manufacturers, Refiners and Merchants, and the Oil and Fat

Industry in General. By GEORGE H. HURST, F.C.S. Second Revised

and Enlarged Edition. Sixty-five Illustrations. 317 pp. Demy 8vo.

1902. Price 10s. 6d. ;
India and Colonies, 11s. ; Other Countries. 12s

strictly net.

Contents.
Introductory Hydrocarbon Oils Scotch Shale Oils Petroleum Vegetable and

Animal Oils Testing and Adulteration of Oils -Lubricating Greases Lubrication-
Appendices Index.



TECHNOLOGY OF PETROLEUM : Oil Fields of the
World Their History, Geography and Geology Annual Production
and Development Oil-well Drilling Transport. By HENRY NEU-
BERGER and HENRY NOALHAT. Translated from the French by J. G.
MclNTOSH. 550pp. 153 Illustrations. 26 Plates. Super Royal 8vo. 1901.
Price 21s.

; India and Colonies, 22s. ; Other Countries, 23s. 6d. ;

strictly net.

Contents.
Study of the Petroliferous Strata Petroleum Definition The Genesis or Origin of

Petroleum The Oil Fields of Galicia, their History Physical Geography and Geology of
the Galician Oil Fields Practical Notes on Galician Land Law Economic Hints on Working,
etc. Roumania History, Geography, Geology Petroleum in Russia History Russian
Petroleum (continued) Geography and Geology of the Caucasian Oil Fields Russian Petro-
leum (continued) The Secondary Oil Fields of Europe, Northern Germany, Alsace, Italy, etc.
Petroleum in France Petroleum in Asia Transcaspian and Turkestan Territory Turkestan

Persia British India and Burmah British Burmah or Lower Burmah China Chinese
Thibet Japan, Formosa and Saghalien Petroleum in Oceania Sumatra, Java, Borneo
Isle of Timor Philippine Isles New Zealand The United States of America History
Physical Geology and Geography of the United States Oil Fields Canadian and other North
American Oil Fields Economic Data of Work in North America Petroleum in the West
Indies and South America Petroleum in the French Colonies.

Excavations Hand Excavation or Hand Digging of Oil Wells.
Methods of Boring.
Accidents Boring Accidents Methods of preventing them Methods of remedying them
Explosives and the use of the "Torpedo" Levigation Storing and Transport of Petroleum
General Advice Prospecting, Management and carrying on of Petroleum Boring Operations.
General Data Customary Formulae Memento. Practical Part. General Data

bearing on Petroleum Glossary of Technical Terms used in the Petroleum Industry Copious
Index.

THE PRACTICAL COMPOUNDING OP OILS, TAL-
LOW AND GREASE FOR LUBRICATION, ETC.
By AN EXPERT OIL REFINER. 100 pp. 1898. Demy 8vo. Price 7s. 6d. ;

India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net.

Contents.
Introductory Remarks on the General Nomenclature of Oils, Tallow and Greases

suitable for Lubrication Hydrocarbon Oils Animal and Fish Oils Compound
Oils Vegetable Oils Lamp Oils Engine Tallow, Solidified Oils and Petroleum
Jelly Machinery Greases: Loco and Anti-friction Clarifying and Utilisation
of Waste Fats, Oils, Tank Bottoms, Drainings of Barrels and Drums, Pickings
Up, Dregs, etc. The Fixing and Cleaning of Oil Tanks, etc. Appendix and
General Information.

ANIMAL FATS AND OILS: Their Practical Production,
Purification and Uses for a great Variety of Purposes. Their Pro-

perties, Falsification and Examination. Translated from the German
of Louis EDGAR ANDES. Sixty-two Illustrations. 240 pp. 1898.

Demy 8vo. Price 10s. 6d.
;
India and Colonies, 11s.

;
Other Countries,

12s.
; strictly net.

[Contents.
Introduction Occurrence, Origin, Properties and Chemical Constitution of Animal Fats

Preparation of Animal Fats and Oils Machinery Tallow-melting Plant Extraction Plant
Presses Filtering Apparatus Butter: Raw Material and Preparation, Properties, Adul-

terations, Beef Lard or Remelted Butter ; Testing Candle-fish Oil Mutton-Tallow Hare
Fat Goose Fat Neatsfpot Oil Bone Fat: Bone Boiling, Steaming Bones, Extraction,
Refining Bone Oil Artificial Butter: Oleomargarine, Margarine Manufacture in France,
Grasso's Process,

" Kaiser's Butter," Jahr & Munzberg's Method, Filbert's Process, Winter's
Method Human Fat Horse Fat Beef Marrow Turtle Oil Hog's Lard : Raw Material

Preparation, Properties, Adulterations, Examination Lard Oil Fish Oils Liver Oils
Artificial Train Oil Wool Fat : Properties, Purified Wool Fat Spermaceti : Examinatiot*
of Fats and Oils in General.



THE OIL MERCHANTS' MANUAL AND OIL TRADE
READY RECKONER. Compiled by FRANK P. SHERRIFF.
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904.
With Two Sheets of Tables. Price 7s. 6d. ;

India and Colonies, 8s.
;

Other Countries, 8s. 6d. ; strictly net.

Contents.
Trade Terms and Customs Tables to Ascertain Value of Oil sold per cwt. or ton Specific

Gravity Tables Percentage Tare Tables Petroleum Tables Paraffine and Benzoline Calcu-
lations Customary Drafts Tables for Calculating Allowance for Dirt, Water, etc. Capacity
of Circular Tanks Tables, etc., etc.

THE CHEMISTRY OP ESSENTIAL OILS AND ARTI-
FICIAL PERFUMES. By ERNEST J. PARRY, B.Sc.
(Lond.), F.I.C., F.C.S. 411 pp. 20 Illustrations. 1899. Demy 8vo.
Price 12s. 6d.

; India and Colonies, 13s. 6d.
;
Other Countries, 15s.

;

strictly net.
Contents.

The General Properties of Essential Oils Compounds occurring: in Essential Oils
The Preparation of Essential Oils The Analysis of Essential Oils Systematic

Study of the Essential Oils Terpeneless Oils The Chemistry of Artificial Perfumes
Appendix : Table of Constants Index.

VEGETABLE FATS AND OILS: Their Practical Prepara-
tion, Purification and Employment for Various Purposes, their Proper-
ties, Adulteration and Examination. Translated from the German of
Louis EDGAR ANDES. Ninety-four Illustrations. 340 pp. Second
Edition. 1902. Demy 8vo. Price 10s. 6d.

; India and Colonies,
11s.; Other Countries, 12s.; strictly net.

Contents.
General Properties Estimation of the Amount of Oil in Seeds The Preparation

of (Vegetable Fats and Oils Apparatus for Grinding Oil Seeds and Fruits Installation
of Oil and Fat Works Extraction Method of Obtaining Oils and Fats Oil Extraction

od egetae ats Fruts Yeng Oils and Fats Woo-softenng Oils Soluble Oils-
Treatment of the Oil after Leaving the Press Improved Methods of Refining Bleaching
Fats and Oils Practical Experiments on the Treatment of Oils with regard to Refining and
Bleaching Testing Oils and Fats.

SOAPS. A Practical Manual of the Manufacture of Domestic,
Toilet and other Soaps. By GEORGE H. HURST, F.C.S. 390 pp.
66 Illustrations. 1898. Price 12s. 6d. ;

India and Colonies, 13s. 6d.
;

Other Countries, 15s.
; strictly net.

Contents.
Introductory Soap =maker's Alkalies Soap Fats and Oils Perfumes Water as

a Soap Material Soap Machinery Technology of Soap making Glycerine in Soap
Lyes Laying out a Soap Factory Soap Analysis Appendices.

Textile Soaps.
TEXTILE SOAPS AND OILS. Handbook on the Prepara-

tion, Properties and Analysis of the Soaps and Oils used in Textile

Manufacturing, Dyeing and Printing. By GEORGE H. HURST, F.C.S.
Crown 8vo. 195 pp. 1904. Price 5s.

;
India and Colonies, 5s. 6d. ;

Other Countries, 6s. ;' strictly net.

Contents.
Methods of Making Soaps Hard Soap Soft Soap. Special Textile Soaps Wool

Soaps Calico Printers' Soaps Dyers' Soaps. Relation of Soap to Water for Industrial
Purposes Treating Waste Soap Liquors Boiled Off Liquor Calico Printers and Dyers'
Soap Liquors Soap Analysis Fat in Soap.
ANIMAL AND VEGETABLE OILS AND FATS Tallow Lard Bone Grease-

Tallow Oil. Vegetable Soap, Oils and Fats Palm Oil Coco-nut Oil Olive Oil Cotton-
seed Oil Linseed Oil Castor Oil Corn Oil Whale Oil or Train Oil Repe Oil.

GLYCERINE.
TEXTILE OILS Oleic Acid Blended Wool Oils Oils for Cotton Dyeing, Printing and

Finishing Turkey Red Oil Alizarine Oil Oleine Oxy Turkey Red Oils Soluble Oil-
Analysis of Turkey Red Oil Finisher's Soluble Oil Finisher's Soap Softening Testing and
.Adulteration of Oils Index.



Gosmetical Preparations.
COSMETICS : MANUFACTURE, EMPLOYMENT
AND TESTING OF ALL COSMETIC MATERIALS
AND COSMETIC SPECIALITIES. Translated
from the German of Dr. THEODOR ROLLER. Crown 8vo. 262 pp.
1902. Price 5s.

;
India and Colonies, 5s. 6d.

; Other Countries,
6s. net.

Contents.
Purposes and Uses of, and Ingredients used in thejPreparation of Cosmetics Preparation of

Perfumes by Pressure, Distillation, Maceration, Absorption or Enfleurage, and Extraction
Methods Chemical and Animal Products used in the Preparation of Cosmetics Oils and Fats
used 'in the Preparation of Cosmetics General Cosmetic Preparations Mouth Washes and
Tooth Pastes Hair Dyes, Hair Restorers and Depilatories Cosmetic Adjuncts and
Specialities Colouring Cosmetic Preparations Antiseptic Washes and Soaps Toilet and

Hygienic Soaps Secret Preparations for Skin, Complexion, Teeth, Mouth, etc. Testing and
Examining the Materials Employed in the Manufacture of Cosmetics Index.

Glue, Bone Products and
Manures.

GLUE AND GLUE TESTING. By SAMUEL RIDEAL, D.Sc.
(Lond.), F.I.C. Fourteen Engravings. 144pp. DemySvo. 1900. Price
10s. 6d.

;
India and Colonies, 11s.; Other Countries, 12s.; strictly net.

Contents.
Constitution and Properties: Definitions and Sources, Gelatine, Chondrin and Allied

Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties

Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari-

fying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of Antiseptics,
Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary Products Uses
of Glue : Selection and Preparation for Use, Carpentry, Veneering, Paper-Making, Book-
binding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, etc., Substitutes for
other Materials, Artificial Leather and Caoutchouc Gelatine : General Characters, Liquid
Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo-Gelatine, Artificial Silk,

Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Aledicinal and other Uses,
Bacteriology Glue Testing : Review of Processes, Chemical Examination, Adulteration,
Physical Tests, Valuation of Raw Materials Commercial Aspects.

BONE PRODUCTS AND MANURES : An Account of the
most recent Improvements in the Manufacture of Fat, Glue, Animal
Charcoal, Size, Gelatine and Manures. By THOMAS LAMBERT, Techni-
cal and Consulting Chemist. Illustrated by Twenty-one Plans and

Diagrams. 162 pp. Demy 8vo. 1901. Price 7s. 6d.
;
India and

Colonies, 8s.
; Other Countries, 8s. 6d.

; strictly net.

Contents.
Chemical Composition of Bones Arrangement of Factory Properties of Glue Glutin

and Chondrin Skin Glue Liming of Skins Washing Boiling of Skins Clarification of Glue
Liquors Glue-Boiling and Clarifying-House Specification of a Glue Size Uses and Pre-

paration and Composition of Size Concentrated Size Properties of Gelatine Preparation
of Skin Gelatine Drying Bone Gelatine Selecting Bones Crushing Dissolving Bleaching

Boiling Properties of Glutin and Chondrin Testing of Glues and Gelatines The Uses of

Glue, Gelatine and Size in Various Trades Soluble and Liquid Glues Steam and Waterproof
Glues Manures Importation of Food Stuffs Soils Germination Plant Life Natural
Manures Water and Nitrogen in Farmyard Manure Full Analysis of Farmyard Manure
Action on Crops Water-Closet System Sewage Manure Green Manures Artificial

Manures Mineral Manures Nitrogenous Matters Shoddy Hoofs and Horns Leather
Waste Dried Meat Dried Blood Superphosphates Composition Manufacture Common
Raw Bones Degreased Bones Crude Fat Refined Fat Degelatinised Bones Animal
Charcoal Bone Superphosphates Guanos Dried Animal Products Potash Compounds
Sulphate of Ammonia Extraction in Vacuo French and British Gelatines compared Index.



Chemicals, Waste Products and

Agricultural Chemistry.
REISSUE OF CHEMICAL ESSAYS OP C. W.

SCHEELE. First Published in English in 1786. Trans-
lated from the Academy of Sciences at Stockholm, with Additions. 300

pp. DemySvo. 1901. Price 5s.; India and Colonies, 5s. 6d.
; Other

Countries, 6s. ; strictly net.

Contents.
Memoir : C. W. Scheele and his work (written for this edition by J. G. Mclntosh) On

Fluor Mineral and its Acid On Fluor Mineral Chemical Investigation of Fluor Acid,
with a View to the Earth which it Yields, by Mr. Wiegler Additional Information
Concerning Fluor Minerals On Manganese, Magnesium, or Magnesia Vitrariorum On
Arsenic and its Acid Remarks upon Salts of Benzoin On Silex, Clay and Alum Analysis
of the Calculus Vesical Method of Preparing Mercurius Dulcis Via Humida Cheaper and
more Convenient Method of Preparing Pulvis Algarothi Experiments upon Molybdaena
Experiments on Plumbago Method of Preparing a New Green Colour Of the De-

composition of Neutral Salts by Unslaked Lime and Iron On the Quantity of Pure Air which
is Daily Present in our Atmosphere On Milk and its Acid On the Acid of Saccharum Lactis
On the Constituent Parts of Lapis Ponderosus or Tungsten Experiments and Observations

on Ether Index.

THE MANUFACTURE OF ALUM AND THE SUL-
PHATES AND OTHER SALTS OF ALUMINA AND
IRON. Their Uses and Applications as Mordants in Dyeing
and Calico Printing, and their other Applications in the Arts, Manufac-
tures, Sanitary Engineering, Agriculture and Horticulture. Translated
from the French of LUCIEN GESCHWIND. 195 Illustrations. 400 pp.
Royal 8vo. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other
Countries, 15s.

; strictly net.

Contents.
Theoretical Study of Aluminium, Iron, and Compounds of these Metals-

Aluminium and its Compounds Iron and Iron Compounds.
Manufacture of Aluminium Sulphates and Sulphates of Iron Manufacture of

Aluminium Sulphate and the Alums Manufacture of Sulphates of Iron.

Uses of the Sulphates of Aluminium and Iron Uses of Aluminium Sulphate and
Alums Application to Wool and Silk Preparing and using Aluminium Acetates Employment
of Aluminium Sulphate in Carbonising Wool The Manufacture of Lake Pigments Manu-
facture of Prussian Blue Hide and Leather Industry Paper Making Hardening Plaster
Lime Washes Preparation of Non-inflammable Wood, etc. Purification of Waste Waters
Uses and Applications of Ferrous Sulphate and Ferric Sulphates Dyeing Manu-

facture of Pigments Writing Inks Purification of Lighting Gas Agriculture Cotton Dyeing
Disinfectant Purifying Waste Liquors Manufacture of Nordhausen Sulphuric Acid

Fertilising.
Chemical Characteristics of Iron and Aluminium Analysis of Various Aluminous

or Ferruginous Products Aluminium Analysing Aluminium Products Alunite
Alumina Sodium Aluminate Aluminium Sulphate Iron Analytical Characteristics of Iron
Salts Analysis of Pyritic Lignite Ferrous and Ferric Sulphates Rouil Mordant Index.

AMMONIA AND ITS COMPOUNDS : Their Manufacture
and Uses. By CAMILLE VINCENT, Professor at the Central School of

Arts and Manufactures, Paris. Translated from the French by M. J.

SALTER. Royal 8vo. 114 pp. 1901. Thirty-two Illustrations. Price
5s.

;
India and Colonies, 5s. 6d.

;
Other Countries, 6s.

; strictly net.

Contents.
General Considerations: Various Sources of Ammoniacal Products; Human Urine

as a Source of Ammonia Extraction of Ammoniacal Products from Sewage-
Extraction of Ammonia from Gas Liquor Manufacture of Ammoniacal Com-
pounds from Bones, Nitrogenous Waste, Beetroot Wash and Peat Manufacture of

Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate Recovery
ofAmmonia from the Ammonia-Soda Mother Liquors Index.
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ANALYSIS OP RESINS AND BALSAMS. Translated
from the German of Dr. KARL DIETERICH. Demy 8vo. 340 pp. 1901.
Price 7s. 6d.

; India and Colonies, 8s.
;
Other Countries, 8s. 6d.

;

strictly net.

Contents.
Definition of Resins in General Definition of Balsams, and especially the Gum Resins

External and Superficial Characteristics of Resinous Bodies Distinction between Resinous
Bodies and Fats and Oils Origin, Occurrence and Collection of Resinous Substances
Classification Chemical Constituents of Resinous Substances Resinols Resinot Annols
Behaviour of Resin Constituents towards the Cholesterine Reactions Uses and Identi-
fication of Resins Melting-point Solvents Acid Value Saponification Value Resin Value
Ester and Ether Values Acetyl and Corbonyl Value Methyl Value Resin Acid Syste-

matic Re'sume of the Performance of the Acid and Saponification Value Tests.
Balsams Introduction Definitions Canada Balsam Copaiba Balsam Angostura

Copaiba Balsam Babia Copaiba Balsam Carthagena Copaiba Balsam Maracaibo
Copaiba Balsam Maturin Copaiba Balsam Gurjum Copaiba Balsam Para Copaiba Balsam
Surinam Copaiba Balsam West African Copaiba Balsam Mecca Balsam Peruvian

Balsam Tolu Balsam Acaroid Resin Amine Amber African and West Indian Kino
Bengal Kino Labdanum Mastic Pine Resin Sandarach Scammonium Shellac Storax
Adulteration of Styrax Liquidus Crudus Purified Storax Styrax Crudus Colatus Taca-

mahac Thapsia Resin Turpentine -Chios Turpentine Strassburg Turpentine Turpeth
Turpentine. Gum Resins Ammoniacum Bdellium Euphorbium Galbanum Gamboge
Lactucarium Myrrh Opopanax Sagapenum Olibanum or Incense Acaroid Resin

Amber Thapsia Resin Index.

MANUAL OF AGRICULTURAL CHEMISTRY. By
HERBERT INGLE, F.I.C., Lecturer on Agricultural Chemistry, the
Yorkshire College; Lecturer in the Victoria University. 388 pp. 11

Illustrations. 1902. Demy 8vo. Price 7s. 6d.
;
India and Colonies, 8s. ;

Other Countries, 8s. 6d. net.

Contents.
Introduction The Atmosphere The Soil The Reactions occurring in Soils The

Analysis of Soils Manures, Natural Manures (continued) The Analysis of Manures The
Constituents of Plants The Plant Crops The Animal Foods and Feeding Milk and Milk
Products The Analysis of Milk and Milk Products Miscellaneous Products used in Agri-
culture Appendix Index.

THE UTILISATION OP WASTE PRODUCTS. A Treatise
on the Rational Utilisation, Recovery and Treatment of Waste Pro-

ducts of all kinds. By Dr. THEODOR ROLLER. Translated from the

Second Revised German Edition. Twenty-two Illustrations. Demy
8vo. 280 pp. 1902. Price 7s. 6d.

;
India and Colonies, 8s. ;

Other

Countries, 8s. 6d.
; strictly net.

Contents.
The Waste of Towns Ammonia and Sal-Ammoniac Rational Processes for Obtaining

these Substances by Treating Residues and Waste Residues in the Manufacture of Aniline

Dyes Amber Waste Brewers' Waste Blood and Slaughter-House Refuse Manufactured
Fuels Waste Paper and Bookbinders' Waste Iron Slags Excrement Colouring Matters
from Waste Dyers' Waste Waters Fat from Waste Fish Waste Calamine Sludge-
Tannery Waste Gold and Silver Waste India-rubber and Caoutchouc Waste Residues in

the Manufacture of Rosin Oil Wood Waste Horn Waste Infusorial Earth Iridium from
Goldsmiths' Sweepings Jute Waste Cork Waste Leather Waste Glue Makers' Waste

Illuminating Gas from Waste and the By-Products of the Manufacture of Coal Gas
Meerschum Molasses Metal Waste By-Products in the Manufacture of Mineral Waters

Fruit The By-Products of Paper and Paper Pulp Works By-Products in the Treatment
of Coal Tar Oils Fur Waste The Waste Matter in the Manufacture of Parchment Paper
Mother of Pearl Waste Petroleum Residues Platinum Residues Broken Porcelain.

Earthenware and Glass Salt Waste Slate Waste Sulphur Burnt Pyrites Silk Waste-
Soap Makers' Waste Alkali Waste and the Recovery of Soda Waste Produced in Grinding
Mirrors Waste Products in the Manufacture of Starch Stearic Acid Vegetable Ivory
Waste Turf Waste Waters of Cloth Factories Wine Residues Tinplate Waste Wool
Waste Wool Sweat The Waste Liquids from Sugar Works Index.
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Writing Inks and Sealing Waxes.
INK MANUFACTURE : Including Writing, Copying, Litho-

graphic, Marking, Stamping, and Laundry Inks. BySiGMUND LEHNER.
Three Illustrations. Crown 8vo. 162 pp. 1902. Translated from the
German of the Fifth Edition. Price 5s.

;
India and Colonies, 5s. 6d.

;

Other Countries, 6s.
;
net.

Contents.
Varieties of Ink Writing Inks Raw Materials of Tannin Inks The Chemical Constitution

of the Tannin Inks Recipes for Tannin Inks Logwood Tannin Inks Ferric Inks Alizarine

Inks Extract Inks Logwood Inks Copying Inks Hektographs Hektograph Inks Safety
Inks Ink Extracts and Powders Preserving Inks Changes in Ink and the Restoration of

Faded Writing Coloured Inks Red Inks Blue Inks Violet Inks Yellow Inks Green
Inks Metallic Inks Indian Ink Lithographic Inks and Pencils Ink Pencils Marking Inks
Ink Specialities Sympathetic Inks Stamping Inks Laundry or Washing Blue Index

SEALING-WAXES, WAFERS AND OTHER ADHES-
IVES FOR THE HOUSEHOLD, OFFICE, WORK-
SHOP AND FACTORY. By H. C. STANDAGE. Crown
8vo. 96 pp. 1902. Price 5s. ;

India and Colonies, 5s. 6d.
; Other

Countries, 6s.
; strictly net.

Contents.
Materials Used for Making Sealing-Waxes The Manufacture of Sealing-Waxes

Wafers Notes on the Nature of the Materials Used in Making Adhesive Compounds Cements
for Use in the Household Office Gums, Pastes and Mucilages Adhesive Compounds for

Factory and Workshop Use.

Lead Ores and Compounds.
LEAD AND ITS COMPOUNDS. By THOS. LAMBERT,

Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus-

trations. 1902. Price 7s. 6d. ;
India and Colonies, 8s.

;
Other Countries,

8s. 6d.
;
net. Plans and Diagrams.

Contents.
History Ores of Lead Geographical Distribution of the Lead Industry Chemical and

Physical Properties of Lead Alloys of Lead Compounds of Lead Dressing of Lead Ores

Smelting of Lead Ores Smelting in the Scotch or American Ore-hearth Smelting in the

Shaft or Blast Furnace Condensation of Lead Fume Desilverisation, or the Separation
of Silver from Argentiferous Lead Cupellatipn The Manufacture of Lead Pipes and
Sheets Protoxide of Lead Litharge and Massicot Red Lead or Minium Lead Poisoning
Lead Substitutes Zinc and its Compounds Pumice Stone Drying Oils and Siccatives

Oil of Turpentine Resin Classification of Mineral Pigments Analysis of Raw and Finished

Products Tables Index.

NOTES ON LEAD ORES : Their Distribution and Properties.

By JAS. FAIRIE, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d. ;

Abroad, 3s.
; strictly net.

Industrial Hygiene.
THE RISKS AND DANGERS TO HEALTH OF VARI-

OUS OCCUPATIONS AND THEIR PREVENTION.
By LEONARD A. PARRY, M.D.,B.S.(Lond.). 196pp. Demy 8vo. 1900.

Price 7s. 6d.
;
India and Colonies, 8s. ;

Other Countries, 8s. 6d. ; strictly
net.

Contents.
Occupations which are Accompanied by the Generation and Scattering of Abnormal

Quantities of Dust Trades in which there is Danger of Metallic Poisoning Certain Chemi-
cal Trades Some Miscellaneous Occupations Trades in which Various Poisonous Vapours
are Inhaled General Hygienic Considerations Index.
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Industrial Uses of Air, Steam and

Water.
DRYING BY MEANS OF AIR AND STEAM. Explana-

tions, Formulae, and Tables for Use in Practice. Translated from the
German of E. HAUSBRAND. Two folding Diagrams and Thirteen Tables.
Crown 8vo. 1901. 72 pp. Price 5s.

; India and Colonies, 5s. 6d. -

r

Other Countries, 6s.
; strictly net.

Contents.
British and Metric Systems Compared Centigrade and Fahr. Thermometers Estimation

of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo.

of Air at Different Pressure and Temperatures Calculation of the Necessary Weight and
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated
Air, at the Atmospheric Pressure: A, With the Assumption that the Air is Completely Satur-
ated with Vapour both before Entry and after Exit from the Apparatus B, When the
Atmospheric Air is Completely Saturated before entry, but at its exit is only f , \ or \ Saturated

C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying
Apparatus Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially
Created, Higher or Lower than that of the Atmosphere Drying by Means of Superheated
Steam, without Air Heating Surface, Velocity of the Air Current, Dimensions of the Drying
Room, Surface of the Drying Material, Losses of Heat Index.

(See also "
Evaporating, Condensing and Cooling Apparatus," p. 27.)

PURE AIR, OZONE AND WATER. A Practical Treatise
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and
other Industries. By W. B. COWELL. Twelve Illustrations. Crown
8vo. 85 pp. 1900. Price 5s.

;
India and Colonies, 5s. 6d.

; : Other
Countries, 6s.

; strictly net.

Contents.
Atmospheric Air ; Lifting of Liquids ; Sniction Process ; Preparing Blown Oils ; Preparing

Siccative Drying Oils Compressed Air
; Whitewash Liquid Air; Retrocession Purification

of Water; Water Hardness Fleshings and Bones Ozonised Air in the Bleaching and De-

odorising of Fats, Glues, etc. ; Bleaching Textile Fibres Appendix : Air and Gases ; Pressure
of Air at Various Temperatures ; Fuel ; Table of Combustibles ; Saving of Fuel by Heating
Feed Water ; Table of Solubilities of Scale Making Minerals ; British Thermal Units Tables ;

Volume of the Flow of Steam into the Atmosphere; Temperature of Steam Index.

THE INDUSTRIAL USES OF WATER. COMPOSI-
TION EFFECTS TROUBLES REMEDIES RE-
SIDUARY WATERS PURIFICATION ANALYSIS.
By H. DE LA Coux. Royal 8vo. Translated from the French and
Revised by ARTHUR MORRIS. 364 pp. 135 Illustrations. 1903. Price
10s. 6d.

; Colonies, 11s.
;
Other Countries, 12s.

; strictly net.

Contents.
Chemical Action of \Vater in Nature and in Industrial Use Composition of Waters

Solubility of Certain Salts in Water Considered from the Industrial Point of View Effects on
the Boiling of Water Effects of Water in the Industries Difficulties with Water Feed
Water for Boilers Water in Dyeworks, Print Works, and Bleach Works Water in the

Textile Industries and in Conditioning Water in Soap Works Water in Laundries and
Washhouses Water in Tanning Water in Preparing Tannin and Dyewood Extracts Water
in Papermaking Water in Photography Water in Sugar Refining Water in Making Ices
and Beverages Water in Cider Making Water in Brewing Water in Distilling Preliminary
Treatment and Apparatus Substances Used for Preliminary Chemical Purification Com-
mercial Specialities and their Employment Precipitation of Matters in Suspension in Water
Apparatus for the Preliminary Chemical Purification of Water Industrial Filters Indus-

trial Sterilisation of Water Residuary Waters and their Purification Soil Filtration-
Purification by Chemical Processes Analyses Index.

(See Books on Smoke Prevention, Engineering and Metallurgy, p. 26, etc.)
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X Rays.
PRACTICAL X RAY WORK. By FRANK T. ADDYMAN,

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ;

Radiographer to St. George's Hospital ; Demonstrator of Physics and
Chemistry, and Teacher of Radiography in St. George's Hospital
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray
Work. Fifty-two Illustrations. 200pp. 1901. Price 10s. 6d.

;
India

and Colonies, lls.
; Other Countries, 12s. ; strictly net.

Contents.
Historical Work leading up to the Discovery of the X Rays The Discovery Appara-

tus and its Management Electrical Terms Sources of Electricity Induction Coils
Electrostatic Machines Tubes Air Pumps Tube Holders and Stereoscopic Apparatus
Fluorescent Screens Practical X Ray Work Installations Radioscopy Radiography
X Rays in Dentistry X Rays in Chemistry X Rays in War Index.

List of Plates.
Frontispiece Congenital Dislocation of Hip-Joint. I., Needle in Finger. II., Needle in

Foot. III., Revolver Bullet in Calf and Leg. IV., A Method of Localisation. V., Stellate
Fracture of Patella showing shadow of "Strapping". VI., Sarcoma. VII., Six-weeks-old

Injury to Elbow showing new Growth of Bone. VIII., Old Fracture of Tibia and Fibula

badly set. IX., Heart Shadow. X., Fractured Femur showing Grain of Splint. XL, Bar-
rell's Method of Localisation.

India^Rubber and Gutta Percha.
INDIA-RUBBER AND GUTTA PERCHA. Translated

from the French of T. SEELIGMANN, G. LAMY TORVILHON and H.
FALCONNET by JOHN GEDDES MC!NTOSH. Royal 8vo. Eighty-six
Illustrations. Three Plates. 412 pages. 1903. Price 12s. 6d. ;

India and Colonies, 13s. 6d.
;
Other Countries, 15s.

; strictly net.

Contents.
India- Rubber Botanical Origin Climatology Soil Rational Culture and Acclimation

of the Different Species of India-Rubber Plants Methods of Obtaining the Latex Methods
of Preparing Raw or Crude India-Rubber Classification of the Commercial Species of
Raw Rubber Physical and Chemical Properties of the Latex and of India-Rubber
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc
(Purification) and Normal Rubber into Masticated Rubber Softening, Cutting, Washing,
Drying Preliminary Observations Vulcanisation of Normal Rubber Chemical and Physical
Properties of Vulcanised Rubber General Considerations Hardened Rubber or Ebonite-j-
Considerations on Mineralisation and other Mixtures Coloration and Dyeing Analysis
of Natural or Normal Rubber and Vulcanised Rubber Rubber Substitutes Imitation Rubber.

Gutta Percha Botanical Origin Climatology Soil Rational Culture Methods of
Collection Classification of the Different Species of Commercial Gutta Percha Physical
and Chemical Properties Mechanical Transformation Methods of Analysing Gutta Percha
Substitutes Index.

Leather Trades.
PRACTICAL TREATISE ON THE LEATHER IN-

DUSTRY. By A. M. VILLON. Translated by FRANK T.

ADDYMAN, B.Sc. (Lond.), F.I.C., F.C.S.
;
and Corrected by an Emi-

nent Member of the Trade. 500 pp., royal 8vo. 1901. 123 Illustra-

tions. Price 21s.
;
India and Colonies, 22s.

;
Other Countries, 23s. 6d.

;

strictly net.

Contents.
Preface Translator's Preface List of Illustrations.

Part I., Materials used in Tanning Skins: Skin and its Structure; Skins used in

Tanning ; Various Skins and their Uses Tannin and Tanning Substances : Tannin ; Barks
(Oak) ; Barks other than Oak ; Tanning Woods ; Tannin-bearing Leaves ; Excrescences ;

Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances
used in Various Countries; Tannin Extracts; Estimation of Tannin and Tannin Principles.

Part II., Tanning: The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers,
etc. ; Steam Engines Grinding and Trituration of Tanning Substances : Cutting up Bark ;

Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on
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the Grinding of Bark Manufacture of Sole Leather: Soaking; Sweating and Unhairing;
Plumping and Colouring; Handling; Tanning; Tanning Elephants' Hides; Drying;
Striking or Pinning Manufacture of Dressing Leather : Soaking ; Depilation ;

New Pro-
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu-
facture of Split Hides On Various Methods of Tanning: Mechanical Methods; Physical
Methods ; Chemical Methods

; Tanning with Extracts Quantity and Quality ; Quantity ;

Net Cost; Quality of Leather Various Manipulations of Tanned Leather: Second Tanning;
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather;
Preservation of Leather Tanning Various Skins.

Part III., Currying Waxed Calf: Preparation; Shaving; Stretching or Slicking;
Oiling the Grain

; Oiling the Flesh Side; Whitening and Graining; Waxing; Finishing; Dry
Finishing; Finishing in Colour; Cost White Calf: Finishing in White Cow Hide for

Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide Smooth Cow
Hide Black Leather Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat
Skin Russia Leather: Russia Leather; Artificial Russia Leather.

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs
and Artificial Leather Enamelled Leather: Varnish Manufacture; Application of the

Enamel; Enamelling in Colour Hungary Leather: Preliminary; Wet Work or Prepara-
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides

Tawing : Preparatory Operations ; Dressing ; Dyeing Tawed Skins ; Rugs Chamoy Leather
Morocco: Preliminary Operations, Morocco Tanning: Mordants used in Morocco Manu-

facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods
of Dyeing; Dyeing with Natural Colours; Dyeing With Aniline Colours; Dyeing with
Metallic Salts

;
Leather Printing ; Finishing Morocco

; Shagreen ; Bronzed Leather Gilding
and Silvering: Gilding; Silvering; Nickel and Cobalt Parchment Furs and Furriery:
Preliminary Remarks

; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Furs
from Cold Countries; Furs from Birds' Skins; Preparation of Furs; Dressing; Colouring;
Preparation of Birds' Skins

; Preservation of Furs Artificial Leather : Leather made from
Scraps ; Compressed Leather

;
American Cloth ; Papier Mache

;
Linoleum

;
Artificial Leather.

Part V., Leather Testing and the Theory of Tanning Testing and Analysis of Leather :

Physical Testing of Tanned Leather; Chemical Analysis The Theory of Tanning and the
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un-
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the
Action of Tannin on the Skin; Theory of Hungary Leather Alaking; Theory of Tawing;
Theory of Chamoy Leather Making; Theory of Mineral Tanning.

Part VI., Uses of Leather Machine Belts: Manufacture of Belting; Leather Chain
Belts; Various Belts, Use of Belts Boot and Shoe-making: Boots and Shoes; Laces-
Saddlery : Composition of a Saddle ; Construction of a Saddle Harness : The Pack Saddle ;

Harness Military Equipment Glove Making Carriage Building Mechanical Uses.

Appendix, The World's Commerce in Leather Europe ; America; Asia; Africa;
Australasia Index.

THE LEATHER WORKER'S MANUAL. Being a Com-
pendium of Practical Recipes and Working Formulae for Curriers,

Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers,

Fancy Leather Workers. By H. C. STANDAGE. 165pp. 1900. Price

7s. 6d.
;
India and Colonies, 8s.

;
Other Countries, 8s. 6d.

; strictly
net.

Contents.
Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather

Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and
Liquids, etc., etc. Leather Grinders' Sundries Currier's Seasonings, Blacking Compounds,
Dressings, Finishes, Glosses, etc. Dyes and Stains tor Leather Miscellaneous Information
Chrome Tannage Index.

Books on Pottery, Bricks,

Tiles, Glass, etc.

THE MANUAL OP PRACTICAL POTTING. Compiled
by Experts, and Edited by CHAS. F. BINNS. Revised Third Edition
and Enlarged. 200 pp. 1901. Price 17s. 6d.

;
India and Colonies,

18s. 6d.
;
Other Countries, 20s. ; strictly net.



15

Contents.
Introduction. The Rise and Progress of the Potter's Art Bodies. China and Porcelain

Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares
Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured

Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body
Stains, Coloured Dips Glazes. China Glazes, Ironstone Glazes, Earthenware Glazes,
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours Gold and
Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases,
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours,
Flow Powders, Oils and Varnishes Means and Methods. Reclamation of Waste Gold,
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold Classification and
Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of
the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods
Count Comparative Loss of Weight of Clays Ground Felspar Calculations The Conver-
sion of Slop Body Recipes into Dry Weight The Cost of Prepared Earthenware Clay-
Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stocktaking,
Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's Settling
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint

and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the
Conversion of Metrical Weights and Measures on the Continent and South America Index.

CERAMIC TECHNOLOGY : Being some Aspects of Tech-
nical Science as Applied to Pottery Manufacture. Edited by CHARLES
F. BINNS. 100 pp. Demy 8vo. 1897. Price 12s. 6d.

;
India and

Colonies, 13s. 6d. ;
Other Countries, 15s.

; strictly net.

Contents.
Preface The Chemistry of Pottery Analysis and Synthesis Clays and their Com-

ponents The Biscuit Oven Pyrometry Glazes and their Composition Colours and
Colour-making Index.

A TREATISE ON THE CERAMIC INDUSTRIES. A
Complete Manual for Pottery, Tile and Brick Works. By EMILE
BOURRY. Translated from the French by WILTON P. Rix, Examiner
in Pottery and Porcelain to the City and Guilds of London Technical

Institute, Pottery Instructor to the Hanley School Board. Royal
8vo. 1901. 760pp. 323 Illustrations. Price 21s.

;
India and Colonies,

22s.
;
Other Countries, 23s. 6d.

; strictly net.

Contents.
Part I., General Pottery Methods. Definition and History. Definitions and Classifi-

cation of Ceramic Products Historic Summary of the Ceramic Art Raw Materials of
Bodies. Clays: Pure Clay and Natural Clays Various Raw Materials: Analogous to Clay
Agglomerative and Agglutinative Opening Fusible Refractory Trials of Raw Materials

Plastic Bodies. Properties and Composition Preparation of Raw Materials : Disaggrega-
tion Purification Preparation of Bodies : By Plastic Method By Dry Method By Liquid
Method Formation. Processes of Formation : Throwing Expression Moulding by Hand,
on the Jolley, by Compression, by Slip Casting Slapping Slipping Drying. Drying of
Bodies Processes of Drying : By Evaporation By Aeration By Heating By Ventilation

By Absorption Glazes. Composition and Properties Raw Materials Manufacture
and Application Firing. Properties of the Bodies and Glazes during Firing Description
of the Kilns Working of the Kilns Decoration. Colouring Materials Processes of
Decoration.

Part II., Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary,
Hollow, Ornamental, Vitrified, and Light Bricks Ordinary and Black Tiles Paving Tiles-
Pipes Architectural Terra Cottas Vases, Statues and Decorative Objects Common Pottery
Pottery for Water and Filters Tobacco Pipes Lustre Ware Properties and Tests for

Terra Cottas Fireclay Goods. Classification : Argillaceous, Aluminous, Carboniferous,
Silicious and Basic Fireclay Goods Fireclay Mortar (Pug) Tests for Fireclay Goods
Faiences. Varnished Faiences Enamelled Faiences Silicious Faiences Pipeclay Faiences
Pebble Work Feldspathic Faiences Composition, Processes of Manufacture and General

Arrangements of Faience Potteries Stoneware. Stoneware Properly So-called: Paving
Tiles Pipes Sanitary Ware Stoneware for Food Purposes and Chemical Productions
Architectural Stoneware Vases, Statues and other Decorative Objects Fine Stoneware

Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical

Conduits, for Mechanical Purposes; Architectural Porcelain, and Dull or Biscuit Porcelain
Soft Phosphated or English Porcelain Soft Vitreous Porcelain, French and New Sevres

Argillaceous Soft or Seger's Porcelain Dull Soft or Parian Porcelain Dull Feldspathic
Soft Porcelain Index.



16

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena-
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware
Mosaics, Faiences and Architectural Stoneware. By LEON LEFEVRE.
With Five Plates. 950 Illustrations in the Text, and numerous estimates.
500 pp., royal 8vo. 1900. Translated from the French by K. H. BIRD,
M.A., and W. MOORE BINNS. Price 15s.

;
India and Colonies, 16s.

;

Other Countries, 17s. 6d.
; strictly net.

Contents.
sry. Clays

Part II. Made-up or Decorated Pottery.

Part I. Plain Undecorated Pottery. Clays, Bricks, Tiles, Pipes, Chimney Flues,
Terra=cotta.

THE ART OF RIVETING GLASS, CHINA AND
EARTHENWARE. By J. HOWARTH. Second Edition.
1900. Paper Cover. Price Is. net

; by post, home or abroad, Is. Id.

HOW TO ANALYSE CLAY. Practical Methods for Prac-
tical Men. By HOLDEN M. ASHBY, Professor of Organic Chemistry,
Harvey Medical College, U.S.A. 74 pp. Twenty Illus. 1901. Price
2s. 6d.

; Abroad, 3s.
; strictly net.

NOTES ON POTTERY CLAYS. Their Distribution, Pro-

perties, Uses and Analyses of Ball Clays, China Clays and China
Stone. By JAS. FAIRIE, F.G.S. 1901. 132 pp. Crown 8vo. Price
3s. 6d.

;
India and Colonies, 4s.

;
Other Countries, 4s. 6d.

; strictly net.

A Reissue of

THE HISTORY OF THE STAFFORDSHIRE POTTER-
IES; AND THE RISE AND PROGRESS OF THE
MANUFACTURE OF POTTERY AND PORCELAIN.
With References to Genuine Specimens, and Notices of Eminent Pot-
ters. By SIMEON SHAW. (Originally Published in 1829.) 265 pp.
1900. Demy 8vo. Price 7s. 6d.

;
India and Colonies, 8s.

;
Other

Countries, 8s. 6d. ; strictly net.

Contents.
Introductory Chapter showing the position of the Pottery Trade at the present time

1899) Preliminary Remarks The Potteries, comprising Tunstall, Brownhills, Green-
field and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall,
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Fenton, Lane Delph,
Foley, Lane End On the Origin of the Art, and its Practice among the early Nations
Manufacture of Pottery, prior to 1700 The Introduction of Red Porcelain by Messrs
Elers, of Bradwell, 1690 Progress of the Manufacture from 1700 to Mr. Wedgwood's
commencement in 1760 Introduction of Fluid Glaze Extension of the Manufacture of

Cream Colour Mr. Wedgwood's Queen's Ware Jasper, and Appointment of Potter to Her
Majesty Black Printing Introduction of Porcelain. Mr. W. Littler's Porcelain Mr
Cookworthy's Discovery of Kaolin and Petuntse, and Patent Sold to Mr. Champion re-

sold to the New Hall Com. Extension of Term Blue Printed Pottery. Mr. Turner, Mr
Spode (1), Mr. Baddeley, Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton
Great Change in Patterns of Blue Printed Introduction of Lustre Pottery. Improve
tncnts in Pottery and Porcelain subsequent to 1800.
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A Reissue of

'THE CHEMISTRY OF THE SEVERAL NATURAL
AND ARTIFICIAL HETEROGENEOUS COM-
POUNDS USED IN MANUFACTURING POR-
CELAIN, GLASS AND POTTERY. By SIMEON SHAW.
(Originally published in 1837.) 750pp. 1900. Royal 8vo. Price 14s.

;

India and Colonies, 15s.
;
Other Countries, 16s. 6d.

; strictly net.

Contents.
PART I., ANALYSIS AND MATERIALS. Introduction : Laboratory and Apparatus

Elements Temperature Acids and Alkalies The Earths Metals.
PART II,, SYNTHESIS AND COMPOUNDS. Science of Mixing Bodies : Porcelain

Hard, Porcelain Fritted Bodies, Porcelain Raw Bodies, Porcelain Soft, Fritted Bodies,
Raw Bodies, Stone Bodies, Ironstone, Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted

Pearl, Fritted Drab, Raw Chemical Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar,
Raw Drab, Raw Brown, Raw Fawn, Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware,
Queen's Ware, Cream Colour, Blue and Fancy Printed, Dipped and Mocha, Chalky, Rings,
Stilts, etc. Glazes: Porcelain Hard Fritted Porcelain Soft Fritted Porcelain Soft
Raw, Cream Colour Porcelain, Blue Printed Porcelain, Fritted Glazes, Analysis of Fritt,

Analysis of Glaze, Coloured Glazes, Dips, Smears and Washes; Glasses: Flint Glass,
Coloured Glasses, Artificial Garnet, Artificial Emerald, Artificial Amethyst, Artificial Sap-
phire, Artificial Opal, Plate Glass, Crown Glass, Broad Glass, Bottle Glass, Phosphoric Glass,
British Steel Glass, Glass-Staining and Painting, Engraving on Glass, Dr. Faraday's Experi-
ments Colours: Colour Making, Fluxes or Solvents, Components of the Colours; Reds,
-etc., from Gold, Carmine or Rose Colour, Purple, Reds, etc., from Iron, Blues, Yellows,
Greens, Blacks, White, Silver for Burnishing, Gold for Burnishing, Printer's Oil, Lustres.

,., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUBSTANCES.

Glassware, Glass Staining and

Painting.
RECIPES FOR FLINT GLASS MAKING. By a British

Glass Master and Mixer. Sixty Recipes. Being Leaves from the

Mixing Book of several experts in the Flint Glass Trade, containing
up-to-date recipes and valuable information as to Crystal, Demi-crystal
and Coloured Glass in its many varieties. It contains the recipes for

cheap metal suited to pressing, blowing, etc., as well as the most costly

crystal and ruby. Crown 8vo. 1900. Price for United Kingdom,
10s. 6d.

; Abroad, 15s.; United States, $4; strictly net.

Contents.
Ruby Ruby from Copper Flint for using with the Ruby for Coating A German Metal

Cornelian, or Alabaster Sapphire Blue Crysophis Opal Turquoise Blue Gold Colour
Dark Green Green (common) Green for Malachite Blue for Malachite Black for Mela-
chite Black Common Canary Batch Canary White Opaque Glass Sealing-wax Red
-Flint Flint Glass (Crystal and Demi) Achromatic Glass Paste Glass White Enamel
:Firestone Dead White (for moons) White Agate Canary Canary Enamel Index.

A TREATISE ON THE ART OF GLASS PAINTING.
Prefaced with a Review of Ancient Glass. By ERNEST R. SUPPLING.
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo.
140 pp. 1902. Price 7s. 6d.

;
India and Colonies, 8s. ; Other Countries,

8s. 6d. net.

Contents.
A Short History of Stained Glass Designing Scale Drawings Cartoons and the Cut Line
Various Kinds of Glass Cutting for Windows The Colours and Brushes used in Glass

'Painting Painting on Glass, Dispersed Patterns Diapered Patterns Aciding Firing
sFret Lead Glazing Index.
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PAINTING ON GLASS AND PORCELAIN AND
ENAMEL PAINTING. A Complete Introduction to the
Preparation of all the Colours and Fluxes used for Painting on Porce-

lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col-

oured Glasses, together with a Minute Description of the Firing of

Colours and Enamels. By FELIX HERMANN, Technical Chemist. With
Eighteen Illustrations. 300 pp. Translated from the German second
and enlarged Edition. 1897. Price 10s. 6d.

;
India and Colonies,

11s.; Other Countries, 12s.; strictly net.

Contents.
History of Glass Painting The Articles to be Painted : Glass, Porcelain, Enamel, Stone-

ware, Faience Pigments: Metallic Pigments: Antimony Oxide, Naples Yellow, Barium-

Chromate, Lead Chromate, Silver Chloride, Chromic Oxide Fluxes : Fluxes, Felspar,
Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid, Potassium and
Sodium Carbonates, Rocaille Flux Preparation of the Colours for Glass Painting The
Colour Pastes The Coloured Glasses Composition of the Porcelain Colours The1 Enamel
Colours: Enamels for Artistic Work Metallic Ornamentation: Porcelain Gilding, Glass

Gilding Firing the Colours : Remarks on Firing : Firing Colours on Glass, Firing Colours on
Porcelain ; The Muffle Accidents occasionally Supervening during the Process of Firing
Remarks on the Different Methods of Painting on Glass, Porcelain, etc. Appendix : Cleaning,
Old Glass Paintings.

Paper Staining.
THE DYEING OF PAPER PULP. A Practical Treatise for

the use of Papermakers, Paperstainers, Students and others. By
JULIUS ERFURT, Manager of a Paper Mill. Translated into English
and Edited with Additions by JULIUS HUBNER, F.C.S., Lecturer on

Papermaking at the Manchester Municipal Technical School. With
Illustrations and 157 patterns of paper dyed in the pulp. Royal
8vo, 180 pp. 1901. Price 15s. ;

India and Colonies. 16s.
;
Other

Countries, 20s. ; strictly net. Limited edition.

Contents.
Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the

Mordant Colour Fixing Mediums (Mordants) Influence of the Quality of the Water
Used Inorganic Colours Organic Colours Practical Application of the Coal Tar
Colours according to their Properties and their Behaviour towards the Different

Paper Fibres Dyed Patterns on Various Pulp Mixtures Dyeing to Shade Index.

Enamelling on Metal.
ENAMELS AND ENAMELLING. For Enamel Makers,

Workers in Gold and Silver, and Manufacturers of Objects of Art.

By PAUL RANDAU. Translated from the German. With Sixteen Illus-

trations. Demy 8vo. 180 pp. 1900. Price 10s. 6d.
;

India and
Colonies, 11s.; Other Countries, 12s.; strictly net.

Contents.
Composition and Properties of Glass Raw Materials for the Manufacture of Enamels

Substances Added to Produce Opacity Fluxes Pigments Decolorising Agents Testing
the Raw Materials with the Blow-pipe Flame Subsidiary Materials Preparing the
Materials for Enamel Making Mixing the Materials The Preparation of Technical Enamels,
The Enamel Mass Appliances for Smelting the Enamel Mass Smelting the Charge
Composition of Enamel Masses Composition of Masses for Ground Enamels Composition
of Cover Enamels Preparing the Articles for Enamelling Applying the Enamel Firing
the Ground Enamel Applying and Firing the Cover Enamel or Glaze Repairing Defects
in Enamelled Ware Enamelling Articles of Sheet Metal Decorating Enamelled Ware
Specialities in Enamelling Dial-plate Enamelling Enamels for Artistic Purposes, Recipes
for Enamels of Various Colours Index.

THE ART OP ENAMELLING ON METAL. By W.
NORMAN BROWN. Twenty-eight Illustrations. Crown 8vo. 60 pp-
1900. Price 2s. 6d.

; Abroad, 3s.
; strictly net.
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Silk Manufacture.
SILK THROWING AND WASTE SILK SPINNING.

By HOLLINS RAYNER. Demy 8vo. 170 pp. 117 Illus. 1903. Price
5s.

; Colonies, 5s. 6d.
; Other Countries, 6s.

; strictly net.

Contents.
The Silkworm Cocoon Reeling and Qualities of Silk Silk Throwing Silk Wastes The

.Preparation of Silk Waste for Degumming Silk Waste Degumming, Schapping and Dis-

chargingThe Opening and Dressing of Wastes Silk Waste "
Drawing

"
or "

Preparing
"

Machinery Long Spinning Short Spinning Spinning and Finishing Processes Utilisation

of Waste Products Noil Spinning Exhaust Noil Spinning.

Books on Textile and Dyeing
Subjects.

THE CHEMICAL TECHNOLOGY OF TEXTILE
FIBRES : Their Origin, Structure, Preparation, Washing,
Bleaching, Dyeing, Printing and Dressing. By Dr. GEORG VON
GEORGIEVICS. Translated from the German by CHARLES SALTER.
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d.

;

India and Colonies, Us.
;
Other Countries, 12s. net.

Contents.
The Textile Fibres Washing, Bleaching, Carbonising Mordants and Mor-

danting Dyeing Printing Dressing and Finishing.

POWER-LOOM WEAVING AND YARN NUMBERING,
According to Various Systems, with Conversion Tables. Translated
from the German of ANTHON GRUNER. With Twenty-Six Diagrams
in Colours. 150 pp. 1900. Crown 8vo. Price 7s. 6d.

;
India and

Colonies, 8s.
;
Other Countries, 8s. 6d.

; strictly net.

Contents.
Power-Loom Weaving in General. Various Systems of Looms Mounting and

Starting the Power-Loom. English Looms Tappet or Treadle Looms Dobbies
General Remarks on the Numbering, Reeling and Packing of Yarn Appendix Useful
Hints. Calculating Warps Weft Calculations Calculations of Cost Price in Hanks.

TEXTILE RAW MATERIALS AND THEIR CON-
VERSION INTO YARNS. (The Study of the Raw
Materials and the Technology of the Spinning Process.) By JULIUS
ZIPSER. Translated from German by CHARLES SALTER. 302 Illus-

trations. 500 pp. Demy 8vo. 1901. Price 10s. 6d.
;

India and
Colonies, 11s.; Other Countries, 12s.; strictly net.

Contents.
PART I. The Raw Materials Used in the Textile Industry.

MINERAL RAW MATERIALS. VEGETABLE RAW MATERIALS. ANIMAL RAW MATERIALS.
PART II. The Technology of Spinning or the Conversion of Textile Raw

Materials into Yarn.
SPINNING VEGETABLE RAW MATERIALS. Cotton Spinning Installation of a Cotton

Mill Spinning Waste Cotton and Waste Cotton Yarns Flax Spinning Fine Spinning Tow
Spinning Hemp Spinning Spinning Hemp Tow String Jute Spinning Spinning Jute Line
Yarn Utilising Jute Waste.

PART HI. Spinning Animal Raw Materials.

Spinning Carded Woollen Yarn Finishing Yarn Worsted Spinning Finishing Worsted
Yarn Artificial Wool or Shoddy Spinning Shoddy and Mungo Manufacture Spinning
'Shoddy and other Wool Substitutes Spinning Waste Silk Chappe Silk Fine Spinning-
Index.
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THE TECHNICAL TESTING OF YARNS AND TEX-
TILE FABRICS. With Reference to Official Specifica-
tions. Translated from the German of Dr. J. HERZFELD. Second
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1902. Price
10s. 6d.

;
India and Colonies, 11s.

;
Other Countries, .12s.

; strictly net.

Contents.
Yarn Testing. Determining the Yarn Number Testing the Length of Yarns-

Examination of the External Appearance of Yarn Determining the Twist of Yarn
and Twist Determination of Tensile Strength and Elasticity Estimating the
Percentage of Fat in Yarn Determination of Moisture (Conditioning) Appendix.

DECORATIVE AND FANCY TEXTILE FABRICS.
By R. T. LORD. Manufacturers and Designers of Carpets, Damask
Dress and all Textile Fabrics. 200pp. 1898. DemySvo. 132 Designs
and Illustrations. Price 7s. 6d.

; India and Colonies, 8s.
; Other

Countries, 8s. 6d.
; strictly net.

Contents.
A Few Hints on Designing Ornamental Textile Fabrics A Few Hints on Designing Orna-

mental Textile Fabrics (continued) A Few Hints on Designing Ornamental Textile Fabrics
(continued) A Few Hints on Designing Ornamental Textile Fabrics (continued) Hints for

Ruled-paper Draughtsmen The Jacquard Machine Brussels and Wilton Carpets Tapestry
Carpets Ingrain Carpets Axminster Carpets Damask and Tapestry Fabrics Scarf Silks
and Ribbons Silk Handkerchiefs Dress Fabrics Mantle Cloths Figured Plush Bed Quilts
Calico Printing.

THEORY AND PRACTICE OF DAMASK WEAVING.
By H. KINZER and K. WALTER. Royal 8vo. Eighteen Folding Plates.
Six Illustrations. Translated from the German. 110pp. 1903. Price
8s. 6d.

; Colonies, 9s.
; Other Countries, 9s. 6d. ; strictly net.

Contents.
The Various Srts of Damask Fabrics Drill (Ticking, Handloom-made) Whole

Damask for Tablecloths Damask with Ground- and Connecting-warp Threads Furniture
Damask Lampas or Hangings Church Damasks The Manufacture of Whole Damask
Damask Arrangement with and without Cross-Shedding The Altered Cone-arrangement

The Principle of the Corner Lifting Cord The Roller Principle The Combination of the

Jacquard with the so-called Damask Machine The Special Damask Machine The Combina-
tion of Two Tyings.

FAULTS IN THE MANUFACTURE OF WOOLLEN
GOODS AND THEIR PREVENTION. By NICOLAS
REISER. Translated from the Second German Edition. Crown 8vo.

Sixty-three Illustrations. 170 pp. 1903. Price 5s. ; Colonies, 5s. 6d.
;

Other Countries, 6s. ; strictly net.

Contents.
Improperly Chosen Raw Material or Improper Mixtures Wrong Treatment of the

Material in Washing, Carbonisation, Drying, Dyeing and Spinning Improper Spacing of the
Goods in the Loom Wrong Placing of Colours Wrong Weight or Width of the Goods
Breaking of Warp and Weft Threads Presence of Doubles, Singles, Thick, Loose,

and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like Errors in

Cross-weaving Inequalities, i.e., Bands and Stripes Dirty Borders Defective Selvedges
Holes and Buttons Rubbed Places Creases Spots Loose and Bad Colours Badly Dyed
Selvedges Hard Goods Brittle Goods Uneven Goods Removal of Bands, Stripes,
Creases and Spots.

SPINNING AND WEAVING CALCULATIONS, especially
relating to Woollens. From the German of N. REISER. Thirty-four
Illustrations. Tables. 170 pp. Demy 8vo. 1904. Price 10s. 6d.

India and Colonies, 11s. ; Other Countries, 12s.
; strictly net.

Contents.
Calculating the Raw Material Proportion of Different Grades of Wool to Furnish a

Mixture at a Given Price Quantity to Produce a Given Length Yarn Calculations Yars-
Number Working Calculations Calculating the Reed Count Cost of Weaving, etc.
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WATERPROOFING OF FABRICS. By Dr. S. MIERZINSKU
Crown 8vo. 104 pp. 29 Illus. 1903. Price 5s.

; Colonies, 5s. 6d.
;

Other Countries, 6s. ; strictly net.

Contents.
Introduction Preliminary Treatment of the Fabric Waterproofing with Acetate of

Alumina Impregnation of the Fabric Drying Waterproofing with Paraffin Waterproofing,
with Ammonium Cuprate Waterproofing with Metallic Oxides Coloured Waterproof
Fabrics Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies Manu-
facture of Tarpaulin British Waterproofing Patents Index.

HOW TO MAKE A WOOLLEN MILL PAY. By JOHN
MACKIE. Crown 8vo. 76 pp. 1904. Price 3s. 6d. ; Colonies, 4s. ;

Other Countries, 4s. 6d. ; net.

Contents.
Blends, Piles, or Mixtures of Clean Scoured Wools Dyed Wool Book The Order Book

Pattern Duplicate Books Management and Oversight Constant Inspection of Mill De-
partments Importance of Delivering Goods to Time, Shade, Strength, etc. Plums.

(For "Textile Soaps" see p. 7.)

Dyeing, Colour Printing,

Matching and Dye-stuffs.
THE COLOUR PRINTING OP CARPET YARNS. Manual

for Colour Chemists and Textile Printers. By DAVID PATERSON,
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. 1900. Price
7s. 6d.

;
India and Colonies, 8s.

;
Other Countries, 8s. 6d. ; strictly net.

Contents.
Structure and Constitution of Wool Fibre Yarn Scouring Scouring Materials Water for

Scouring Bleaching Carpet Yarns Colour Making for Yarn Printing Colour Printing
Pastes Colour Recipes for Yarn Printing Science of Colour Mixing Matching of Colours

" Hank "
Printing Printing Tapestry Carpet Yarns Yarn Printing Steaming Printed

Yarns Washing of Steamed Yarns Aniline Colours Suitable for Yarn Printing Glossary of"

Dyes and Dye-wares used in Wood Yarn Printing Appendix.

THE SCIENCE OF COLOUR MIXING. A Manual in-

tended for the use of Dyers, Calico Printers and Colour Chemists. By
DAVID PATERSON, F.C.S. Forty-one Illustrations, Five Coloured Plates,
and Four Plates showing Eleven Dyed Specimens of Fabrics. 132

pp. Demy 8vo. 1900. Price 7s. 6d.
;
India and Colonies, 8s.

;
Other

Countries, 8s. 6d.
; strictly net.

Contents.
Colour a Sensation ; Colours of Illuminated Bodies ; Colours of Opaque and Transparent

Bodies ; Surface Colour Analysis of Light ; Spectrum ; Homogeneous Colours ; Ready
Method of Obtaining a Spectrum Examination of Solar Spectrum; The Spectroscope and
Its Construction ; Colourists' Use of the Spectroscope Colour by Absorption ; Solutions and
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight Colour Primaries of the Scientist

versus the Dyer and Artist; Colour Mixing by Rotation and Lye Dyeing; Hue, Purity,
Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours Colour Mixing; Pure
and Impure Greens, Orange and Violets; Large Variety of Shades from few Colours; Con-
sideration of the Practical Primaries : Red, Yellow and Blue Secondary Colours ; Nomen-
clature of Violet and Purple Group ; Tints and Shades of Violet ; Changes in Artificial Light
Tertiary Shades ; Broken Hues; Absorption Spectra of Tertiary Shades Appendix : Four

Plates with Dyed Specimens Illustrating Text Index.

DYERS' MATERIALS : An Introduction to the Examination,
Evaluation and Application of the most important Substances used in

Dyeing, Printing, Bleaching and Finishing. By PAUL HEERMAN, Ph.D.
Translated from the German by. A C. WRIGHT, M.A. (Oxon.), B.Sc.

(Lond.). Twenty-four Illustrations. Crown 8vo. 150pp. 1901. Price

5s. ;
India and Colonies, 5s. 6d.

;
Other Countries, 6s.

; strictly net.
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COLOUR MATCHING ON TEXTILES. A Manual in-

tended for the use of Students of Colour Chemistry, Dyeing and
Textile Printing. By DAVID PATERSON, F.C.S. Coloured Frontis-

piece. Twenty-nine Illustrations and Fourteen Specimens Of Dyed
Fabrics. Demy 8vo. 132pp. 1901. Price 7s. 6d.; India and Colonies,
8s.

;
Other Countries, 8s. 6d.

; strictly net.

Contents.
Colour Vision and Structure of the Eye Perception of Colour Primary and Comple-

mentary Colour Sensations Daylight for Colour Matching Selection of a Good Pure Light
Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, etc., etc.

Matching of Hues Purity and Luminosity of Colours Matching Bright Hues Aid of Tinted
Films Matching Difficulties Arising from Contrast Examination of Colours by Reflected
and Transmitted Lights Effect of Lustre and Transparency of Fibres in Colour Matching
Matching of Colours on Velvet Pile Optical Properties of Dye stuffs Dichroism, Fluor-

escenceUse of Tinted Mediums Orange Film Defects of the Eye Yellowing of the Lens
Colour Blindness, etc. Matching of Dyed Silk Trimmings and Linings and Bindings Its

Difficulties Behaviour of Shades in Artificial Light Colour Matching of Old Fabrics, etc.

Examination of Dyed Colours under the Artificial Lights Electric Arc, Magnesium and Dufton,
Gardner Lights, Welsbach, Acetylene, etc. Testing Qualities of an Illuminant Influence
of the Absorption Spectrum in Changes of Hue under the Artificial Lights Study of the
Causes of Abnormal Modifications of Hue, etc.

COLOUR: A HANDBOOK OP THE THEORY OF
COLOUR. By GEORGE H. HURST, F.C.S. With Ten
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo.
1900. Price 7s. 6d.

;
India and Colonies, 8s.

;
Other Countries, 8s. 6d.

;

strictly net.
Contents.

Colour and Its Production Cause of Colour in Coloured Bodies Colour Pheno=
mena and Theories The Physiology of Light Contrast Colour in Decoration and
Design Measurement of Colour.

Reissue of

THE ART OF DYEING WOOL, SILK AND COTTON.
Translated from the French of M. HELLOT, M. MACQUER and M. LE
PILEUR D'APLIGNY. First Published in English in 1789. Six Plates.

Demy 8vo. 446 pp. 1901. Price 5s.; India and Colonies, 5s. 6d.
;

Other Countries, 6s.
; strictly net.

Contents.
Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc.

Part II., The Art of Dyeing Silk. Part III., The Art of Dyeing Cotton and Linen
Thread, together with the Method of Stamping Silks, Cottons, etc.

THE CHEMISTRY OP DYE-STUFFS. By Dr. GEORG VON
GEORGIEVICS. Translated from the Second German Edition. 412 pp.

Demy 8vo. 1903. Price 10s. 6d.
;

India and Colonies, 11s.; Other
Countries, 12s.

; strictly net.

Contents.
Introduction Coal Tar Intermediate Products in the Manufacture of Dye-stuffs The

Artificial Dye-stuffs (Coal-tar Dyes) Nitroso Dye-stuffs Nitro Dye-stuffs Azo Dye-stuffs
Substantive Cotton Dye-stuffs Azoxystilbene Dye-stuffs Hydrazones Ketoneimides

Triphenylmethane Dye-stuffs Rosolic Acid Dye-stuffs Xanthene Dye-stuffs Xanthone Dye-
stuffs Flavones Oxyketone Dye-stuffs Quinoline and Acridine Dye-stuffs Quinonimide
or Diphenylamine Dye-stuffs The Azine Group : Eurhodines, Safranines and Indulines
Eurhodines Safranines Quinoxalines Indigo Dye-stuffs of Unknown Constitution

Sulphur or Sulphine Dye stuffs Development of the Artificial Dye-stuff Industry- The
Natural Dye-stuffs Mineral Colours Index.
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THE DYEING OF COTTON FABRICS: A Practical
Handbook for the Dyer and Student. By FRANKLIN BEECH, Practical
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d. ;

India
and Colonies, 8s. ; Other Countries, 8s. 6d.

; strictly net.

Contents.
Structure and Chemistry of the Cotton Fibre Scouring and Bleaching of Cotton Dyeing

Machinery and Dyeing Manipulations Principles and Practice of Cotton Dyeing Direct

Dyeing; Direct Dyeing followed by Fixation with Metallic Salts; Direct Dyeing followed by
Fixation with Developers ; Direct Dyeing followed by Fixation with Couplers ; Dyeing on
Tannic Mordant ; Dyeing on Metallic Mordant ; Production of Colour Direct upon Cotton
Fibres; Dyeing Cotton by Impregnation with Dye-stuff Solution Dyeing Union (Mixed Cotton
and Wool) Fabrics Dyeing Half Silk (Cotton-Silk, Satin) Fabrics Operations following
Dyeing Washing, Soaping, Drying Testing of the Colour of Dyed Fabrics Experimental
Dyeing and Comparative Dye Testing Index.

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a
great range of colours.

THE DYEING OF WOOLLEN FABRICS. By FRANKLIN
BEECH, Practical Colourist and Chemist. Thirty-three Illustrations.

Demy 8vo. 228 pp. 1902. Price 7s. 6d. ;
India and Colonies, 8s. ;

Other Countries, 8s. 6d. net.

Contents.
The Wool Fibre Structure, Composition and Properties Processes Preparatory to Dyeing
Scouring and Bleaching of Wool Dyeing Machinery and Dyeing Manipulations Loose

LJyeing with the JJirect uyes uyeing with tsasic Lyes JJyeing with Acid JJyes Dyeing
with Mordant Dyes Level Dyeing Blacks on Wool Reds on Wool Mordanting of Wool
Orange Shades on Wool Yellow Shades on Wool Green Shades on Wool Blue Shades on
Wool Violet Shades on Wool Brown Shades on Wool Mode Colours on Wool Dyeing
Union (Mixed Cotton Wool) Fabrics Dyeing of Gloria Operations following Dyeing
Washing, Soaping, Drying Experimental Dyeing and Comparative Dye Testing Testing of
the Colour of Dyed Fabrics Index.

Bleaching and Washing.
A PRACTICAL TREATISE ON THE BLEACHING OF

LINEN AND COTTON YARN AND FABRICS. By
L. TAILFER, Chemical and Mechanical Engineer. Translated from the
French by JOHN GEDDES MC!NTOSH. Demy 8vo. 303 pp. Twenty
Illusts. 1901. Price 12s. 6d.

;
India and Colonies, 13s. 6d.

;
Other

Countries, 15s.
; strictly net.

Contents.
General Considerations on Bleaching Steeping Washing : Its End and Importance

Roller Washing Machines Wash Wheel (Dash Wheel) Stocks or Wash Mill Squeezing
Lye Boiling Lye Boiling with Milk of Lime Lye Boiling with Soda Lyes Description of

Lye Boiling Keirs Operations of Lye Boiling Concentration of Lyes Mather and Platt's

Keir Description of the Keir Saturation of the Fabrics Alkali used in Lye Boiling

Examples of Processes Soap Action of Soap in Bleaching Quality and Quantity of Soaps
to use in the Lye Soap Lyes or Scalds Soap Scouring Stocks Bleaching on Grass or on
the Bleaching Green or Lawn Chemicking Remarks on Chlorides and their Decolour-

ising Action Chemicking Cisterns Chemicking Strengths, etc. Sours Properties of the
Acids Effects Produced by Acids Souring Cisterns Drying Drying by Steam Drying
by Hot Air Drying by Air Damages to Fabrics in Bleaching Yarn Mildew Fermentation

Iron Rust Spots Spots from Contact with Wood Spots incurred on the Bleaching Green

Damages arising from the Machines Examples of Methods used in Bleaching Linen
Cotton The Valuation of Caustic and Carbonated Alkali (Soda) and General Information

Regarding these Bodies Object of Alkalimetry Titration of Carbonate of Soda Com-
parative Table of Different Degrees of Alkalimetrical Strength Five Problems relative to

Carbonate of Soda Caustic Soda, its Properties and Uses Mixtures of Carbonated and
Caustic Alkali Note on a Process of Manufacturing Caustic Soda and Mixtures of Caustic
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.and Carbonated Alkali (Soda) Chlorometry Titration Wagner s Chlorometric Method-
Preparation of Standard Solutions Apparatus for Chlorine Valuation Alkali in Excess in

Decolourising Chlorides Chlorine and Decolourising Chlorides Synopsis Chlorine
Chloride of Lime Hypochlorite of Soda Brochoki's Chlorozone Various Decolourising
Hypochlorites Comparison of Chloride of Lime and Hypochlorite of Soda Water
Qualities of Water Hardness Dervaux's Purifier Testing the Purified Water Different
Plant for Purification Filters Bleaching of Yarn Weight of Yarn Lye Boiling
Chemicking Washing Bleaching of Cotton Yarn The Installation of a Bleach Works-
Water Supply Steam Boilers Steam Distribution Pipes Engines Keirs Washing
Machines Stocks Wash Wheels Chemicking and Souring Cisterns Various Buildings
Addenda Energy of Decolourising Chlorides and Bleaching by Electricity and Ozone
Energy of Decolourising Chlorides Chlorides Production of Chlorine and Hypochlorites
by Electrolysis Lunge's Process for increasing the intensity of the Bleaching Power of
Chloride of Lime Trilfer's Process for Removing the Excess of Lime or Soda from De-

colourising Chlorides Bleaching by Ozone.

Cotton Spinning and Combing.
COTTON SPINNING (First Year). By THOMAS THORNLEY,

Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus-

trations. Crown 8vo. 1901. Price 3s.; Abroad, 3s. 6d.
; strictly net.

Contents.
Syllabus and Examination Papers of the City and Guilds of London Institute Cultiva-

tion, Classification, Ginning, Baling and Mixing of the Raw Cotton Bale-Breakers, Mixing
Lattices and Hopper Feeders Opening and Scutching Carding Indexes.

COTTON SPINNING (Intermediate, or Second Year). By
THOMAS THORNLEY. 180pp. Seventy Illustrations. Crown 8vo. 1901.

Price 5s.
;
India and British Colonies, 5s. 6d.

;
Other Countries, 6s.

;

strictly net.

Contents.
Syllabuses and Examination Papers of the City and Guilds of London Institute The

Combing Process The Drawing Frame Bobbin and Fly Frames Mule Spinning Ring
Spinning General Indexes.

COTTON SPINNING (Honours, or Third Year). By THOMAS
THORNLEY. 216 pp. Seventy-four Illustrations. Crown 8vo. 1901.

Price 5s.
;
India and British Colonies, 5s. 6d. ; Other Countries, 6s. ;

strictly net.

Contents.
Syllabuses and Examination Papers of the City and Guilds of London Institute Cotton

The Practical Manipulation of Cotton Spinning Machinery Doubling and Winding Reeling
Warping Production and Costs Main Driving Arrangement of Machinery and Mill

Planning Waste and Waste Spinning Indexes.

COTTON COMBING MACHINES. By THOS. THORNLEY^
Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra-

tions. 300 pp. 1902. Price 7s. 6d.
;
India and Colonies, 8s.

;
Other

Countries, 8s. 6d. net.

Contents.
The Sliver Lap Machine and the Ribbon Cap Machine General Description of the Heilmann

Comber The Cam Shaft On the Detaching and Attaching Mechanism of the Comber-
Resetting of Combers The Erection of a Heilmann Comber Stop Motions: Various Calcu-
lations Various Notes and Discussions Cotton Combing Machines of Continental Make
Index.
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Collieries and Mines.
RECOVERY WORK AFTER PIT FIRES. By ROBERT

LAMPRECHT, Mining Engineer and Manager. Translated from the
German. Illustrated by Six large Plates, containing Seventy-six
Illustrations. 175 pp., demy 8vo. 1901. Price 10s. 6d.

; India and
Colonies, 11s.; Other Countries, 12s.; strictly net.

Contents.
Causes of Pit Fires Preventive Regulations : (1) The Outbreak and Rapid Extension

of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material
in the Construction of the Shaft ; (2) Precautions for Rapidly Localising an Outbreak of Fire in

the Shaft ; (3) Precautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient.

Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of

Fire-damp and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits.

Oxygen Apparatus Extinguishing Pit Fires : (a) Chemical Means ; (b) Extinction with
Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the Seat
of the Fire by Dams. Dam Building. Analyses of Fire Gases. Isolating the Seat of a Fire
with Dams: Working in Irrespirable Gases ("Gas-diving"): Air-Lock Work. Complete
Isolation of the Pit. Flooding a Burning Section isolated by means of Dams. Wooden
Dams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors:

Flooding the Whole Pit Rescue Stations : (a) Stations above Ground ; (b) Underground
Rescue Stations Spontaneous Ignition of Coal in Bulk Index.'

VENTILATION IN MINES. By ROBERT WABNER, Mining
Engineer. Translated from the German. Royal 8vo. Thirty Plates
and Twenty-two Illustrations. 240 pp. 1903. Price 10s. 6d. ; India
and Colonies, 11s.; Other Countries, 12s.; strictly net.

Contents.
The Causes of the Contamination of Pit Air The Means of Preventing the

Dangers resulting from the Contamination of Pit Air Calculating the Volume
of Ventilating Current necessary to free Pit Air from Contamination Determination
of the Resistance Opposed to the Passage of Air through the Pit Laws of Re-
sistance and Formula- therefor Fluctuations in the Temperament or Specific Re-
sistance of a Pit Means for Providing a Ventilating Current in the Pit Mechani-
cal Ventilation Ventilators and Fans Determining the Theoretical, Initial, and
True (Effective) Depression of the Centrifugal Fan New Types of Centrifugal Fan
of Small Diameter and High Working Speed Utilising the Ventilating Current to
the utmost Advantage and distributing the same through the Workings Artifici-

ally retarding the Ventilating Current Ventilating Preliminary Workings Blind
Headings Separate Ventilation Supervision of Ventilation INDEX.

HAULAGE AND WINDING APPLIANCES USED IN
MINES. By CARL VOLK. Translated from the German.
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. 1903.

Price 8s. 6d.
; Colonies, 9s. ; Other Countries, 9s. 6d.

; strictly net.
Contents.

Haulage Appliances Ropes Haulage Tubs and Tracks Cages and Winding Appliances
Winding Engines for Vertical Shafts Winding without Ropes Haulage in Levels and
Inclines The Working of Underground Engines Machinery for Downhill Haulage.

Dental Metallurgy.
DENTAL METALLURGY : MANUAL FOR STUDENTS

AND DENTISTS. By A. B. GRIFFITHS, Ph.D. Demy
8vo. Thirty-six Illustrations. 190^ 200 pp. Price 7s. 6d.

;
India

and Colonies, 8s.
;
Other Countries, 8s. 6d.

; strictly net.

Contents.
Introduction Physical Properties of the Metals Action of Certain Agents on Metals-

Alloys Action of Oral Bacteria on Alloys Theory and Varieties of Blowpipes Fluxes
Furnaces and Appliances Heat and Temperature Gold Mercury Silver Iron Copper
Zinc Magnesium Cadmium Tin Lead Aluminium Antimony Bismuth Palladium
Platinum Iridium Nickel Practical Work Weights and Measures.
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Engineering, Smoke Prevention
and Metallurgy.

THE PREVENTION OF SMOKE. Combined with the
Economical Combustion of Fuel. By \V. C. POPPLEWELL, M.Sc.,
A.M.Inst., C E., Consulting Engineer. Forty-six Illustrations. 190pp.
1901. Demy 8vo. Price 7s. 6d. ;

India and Colonies, 8s.
;
Other

Countries, 8s. 6d.
; strictly net.

Contents.
Fuel and Combustion Hand Firing in Boiler Furnaces Stoking by Mechanical Means

Powdered Fuel Gaseous Fuel Efficiency and Smoke Tests of Boilers Some Standard
Smoke Trials The Legal Aspect of the Smoke Question The Best Means to be adopted for
the Prevention of Smoke Index.

GAS AND COAL DUST FIRING. A Critical Review of
the Various Appliances Patented in Germany for this purpose since
1885. By ALBERT PUTSCH. 130 pp. Demy 8vo. 1901. Translated
from the German. With 103 Illustrations. Price 7s. 6d.

; India and
Colonies, 8s.

; Other Countries, 8s. 6d.
; strictly net.

Contents.
Generators Generators Employing Steam Stirring and Feed Regulating Appliances

Direct Generators Burners Regenerators and Recuperators Glass Smelting Furnaces
Metallurgical Furnaces Pottery Furnace Coal Dust Firing Index.

THE HARDENING AND TEMPERING OP STEEL
IN THEORY AND PRACTICE. By FRIDOLIN REISER.
Translated from the German of the Third Edition. Crown 8vo.
120 pp. 1903. Price 5s. ; India and British Colonies, 5s. 6d. ; Other
Countries, 6s.

; strictly net.

Contents.
Steel Chemical and Physical Properties of Steel, and their Casual Connection

Classification of Steel according to Use Testing the Quality of Steel SteeU
Hardening Investigation of the Causes of Failure in Hardening Regeneration of
Steel Spoilt in the Furnace-Welding Steel-Index.

SIDEROLOGY: THE SCIENCE OF IRON (The Con-
stitution of Iron Alloys and Slags). Translated from German of

HANNS FREIHERR v. JUPTNER. 350 pp. Demy 8vo. Eleven Plates
and Ten Illustrations. 1902. Price 10s. 6d.

;
India and Colonies, 11s.

;

Other Countries, 12s.
;
net.

Contents.
The Theory of Solution. Solutions Molten Alloys Varieties of Solutions Osmotic

Pressure Relation between Osmotic Pressure and other Properties of Solutions Osmotic
Pressure and Molecular Weight of the Dissolved Substance Solutions of Gases Solid Solu-
tions Solubility Diffusion Electrical Conductivity Constitution of Electrolytes and Metals
Thermal Expansion. Micrography. Microstructure The Micrographic Constituents of

Iron Relation between Micrographical Composition, Carbon-Content, and Thermal Treat-
ment of Iron Alloys The Microstructure of Slags. Chemical Composition of the Alloys
of Iron. Constituents of Iron Alloys Carbon Constituents of the Iron Alloys, Carbon
Opinions and Researches on Combined Carbon Opinions and Researches on Combined
Carbon Applying the Curves of Solution deduced from the Curves of Recalescence to the De-
termination of the Chemical Composition of the Carbon present in Iron Alloys The Constitu-
ents of Iron Iron The Constituents of Iron Alloys Manganese Remaining Constituents of
Iron Alloys A Silicon Gases. The Chemical Composition of Slag. Silicate Slags
Calculating the Composition of Silicate Slags Phosphate Slags Oxide Slags Appendix
Index.
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EVAPORATING, CONDENSING AND COOLING AP-
PARATUS. Explanations, Formulae and Tables for Use
in Practice. By E. HAUSBRAND, Engineer. Translated by A. C.

WRIGHT, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra-

tions and Seventy-six Tables. 400 pp. Demy 8vo. 1903. Price
10s. 6d.

;
India and Colonies, 11s.; Other Countries, 12s.; net.

Contents.
^Coefficient of Transmission of Heat, k/, and the Mean Temperature Difference, 0/m

Parallel and Opposite Currents Apparatus7or Heating with Direct Fire The Injection of
Saturated Steam Superheated Steam Evaporation by Means of Hot Liquids The Trans-
ference of Heat in General, and Transference by means of Saturated Steam in Particular
The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms
Evaporation in a Vacuum The Multiple-effect Evaporator Multiple-effect Evaporators

from which Extra Steam is Taken The Weight of Water which must be Evaporated from
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent,

up to 20-70 per cent. The Relative Proportion of the Heating Surfaces in the Elements
of the Multiple Evaporator and their Actual Dimensions The Pressure Exerted by Currents
of Steam and Gas upon Floating Drops of Water The Motion of Floating Drops of Water
upon which Press Currents of Steam The Splashing of Evaporating Liquids The Diameter
of Pipes for Steam, Alcohol, Vapour and Air The Diameter of Water Pipes The Loss
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing
the Loss Condensers Heating Liquids by Means of Steam The Cooling of Liquids
The Volumes to be Exhausted from Condensers by the Air-pumps A Few Remarks on Air-

pumps and the Vacua they Produce The Volumetric Efficiency of Air-pumps The Volumes
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a
Certain Lower Pressure Index.

Plumbing, Decorating, Metal
Work, etc., etc.

EXTERNAL PLUMBING WORK. A Treatise on Lead
Work for Roofs. By JOHN W. HART, R.P.C. 180 Illustrations. 272

pp. Demy 8vo. Second Edition Revised. 1902. Price 7s. 6d. ; India
and Colonies, 8s.

; Other Countries, 8s. 6d.
; strictly net.

Contents.
Cast Sheet Lead Milled Sheet Lead Roof Cesspools Socket Pipes Drips Gutters-

Gutters (continued) Breaks Circular Breaks Flats Flats (continued) Rolls on Flats
Roll Ends Roll Intersections Seam Rolls Seam Rolls (continued) Tack Fixings Step
Flashings Step Flashings (continued) Secret Gutters Soakers Hip and Valley Soakers
Dormer Windows Dormer Windows (continued) Dormer Tops Internal Dormers

Skylights Hips and Ridging Hips and Ridging (continued) Fixings for Hips and Ridging
Ornamental Ridging Ornamental Curb Rolls Curb Rolls Cornices Towers and Finials
Towers and Finials (continued) Towers and Finials (continued) Domes Domes (continued)
Ornamental Lead Work Rain Water Heads Rain Water Heads (continued) Rain Water

Heads (continued).

HINTS TO PLUMBERS ON JOINT WIPING, PIPE
BENDING AND LEAD BURNING. Third Edition,
Revised and Corrected. By JOHN W. HART, R.P.C. 184 Illustrations.

313 pp. Demy 8vo. 1901. Price 7s. 6d.
;

India and Colonies, 8s.
;

Other Countries, 8s. 6d.
; strictly net.

Contents.
Pipe Bending Pipe Bending (continued) Pipe Bending (continued) Square Pipe

Bendings Half-circular Elbows Curved Bends on Square Pipe Bossed Bends Curved
Plinth Bends Rain-water Shoes on Square Pipe Curved and Angle Bends Square Pipe
Fixings Joint-wiping Substitutes for Wiped Joints Preparing Wiped Joints Joint Fixings
Plumbing Irons Joint Fixings Use of "Touch" in Soldering Underhand Joints Blown

and Copper Bit Joints Branch Joints Branch Joints (continued) Block Joints Block
Joints (continued) Block Fixings Astragal Joints Pipe Fixings Large Branch Joints

Large Underhand Joints Solders Autogenous Soldering or Lead Burning Index.

WORKSHOP WRINKLES for Decorators, Painters, Paper-
hangers and Others. By W. N. BROWN. Crown 8vo. 128 pp. 1901.

Price 2s. 6d. ; Abroad, 3s. ; strictly net.
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SANITARY PLUMBING AND DRAINAGE. By JOHN
W. HART. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price
7s. 6d.

;
India and Colonies, 8s.

; Other Countries, 8s. 6d.
; strictly net.

Contents.
Sanitary Surveys Drain Testing Drain Testing with Smoke Testing Drains with Water
Drain Plugs for Testing Sanitary Defects Closets Baths and Lavatories House Drains
Manholes Iron Soil Pipes Lead Soil Pipes Ventilating Pipes Water-closets Flushing

Cisterns Baths Bath Fittings Lavatories Lavatory Fittings Sinks Waste Pipes
Water Supply Ball Valves Town House Sanitary Arrangements Drainage Jointing
Pipes Accessible Drains Iron Drains Iron Junctions Index.

THE PRINCIPLES AND PRACTICE OF DIPPING,
BURNISHING, LACQUERING AND BRONZING
BRASS WARE. By W. NORMAN BROWN. 35 pp. Crown
8vo. 1900. Price 2s.

; Abroad, 2s. 6d.
; strictly net.

HOUSE DECORATING AND PAINTING. By W.
NORMAN BROWN. Eighty-eight Illustrations. 150 pp. Crown 8vo.

1900. Price 3s. 6d.
;
India and Colonies, 4s.

;
Other Countries, 4s. 6d. ;

strictly net.

A HISTORY OF DECORATIVE ART. By W. NORMAN
BROWN. Thirty-nine Illustrations. 96 pp. Crown Svo. 1900. Price

2s. 6d. ; Abroad, 3s. ; strictly net.

A HANDBOOK ON JAPANNING AND ENAMELLING
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By
WILLIAM NORMAN BROWN. 52 pp. and Illustrations. Crown Svo.

1901. Price 2s.
; Abroad, 2s. 6d.

;
net.

THE PRINCIPLES OF HOT WATER SUPPLY. By
JOHN W. HART, R.P.C. With 129 Illustrations. 1900. 177 pp., demy
Svo. Price 7s. 6d.

;
India and Colonies, 8s.

;
Other Countries, 8s. 6d. ;

strictly net.

Contents.
Water Circulation The Tank System Pipes and Joints The Cylinder System Boilers

for the Cylinder System The Cylinder System The Combined Tank and Cylinder System
Combined Independent and Kitchen Boiler Combined Cylinder and Tank System with

Duplicate Boilers Indirect Heating and Boiler Explosions Pipe Boilers Safety Valves

Safety Valves-The American System Heating Water by Steam Steam Kettles and Jets

Heating Power of Steam Covering for Hot Water Pipes Index.

Brewing and Botanical.
HOPS IN THEIR BOTANICAL, AGRICULTURAL

AND TECHNICAL ASPECT, AND AS AN ARTICLE
OF COMMERCE. By EMMANUEL GROSS, Professor at
the Higher Agricultural College, Tetschen-Liebwerd. Translated
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy
Svo. Price 12s. 6d.

;
India and Colonies, 13s, 6d.

;
Other Countries,

15s.
; strictly net.

Contents.
HISTORY OF THE HOP THE HOP PLANT Introductory The Roots The Stem

and Leaves Inflorescence and Flower : Inflorescence and Flower of the Male Hop ; In-

florescence and Flower of the Female Hop The Fruit and its Glandular Structure : The
Fruit and Seed Propagation and Selection of the Hop Varieties of the Hop: (a) Red Hops;
(b) Green Hops; (c) Pale Green Hops Classification according to the Period of Ripening:
Early August Hops; Medium Early Hops; Late Hops Injuries to Growth Leaves Turning
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hail
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and Rain ; Vegetable Enemies of the Hop : Animal Enemies of the Hop Beneficial Insects on
Hops CULTIVATION The Requirements of the Hop in Respect of Climate, Soil and
Situation : Climate ; Soil ; Situation Selection of Variety and Cuttings Planting a Hop
Garden: Drainage; Preparing the Ground; Marking-out for Planting ; Planting; Cultivation
and Cropping of the Hop Garden in the First Year Work to be Performed Annually in the

Hop Garden : Working the Ground ; Cutting ; The Non-cutting System ; The Proper Per-
formance of the Operation of Cutting: Method of Cutting: Close Cutting, Ordinary Cutting,
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal
Types of Frames; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking,
Drying and Bagging Principal and Subsidiary Utilisation of Hops and Hop Gardens Lire
of a Hop Garden ; Subsequent Cropping Cost of Production, Yield and Selling Prices.

Preservation and Storage Physical and Chemical Structure of the Hop Cone Judging
4he Value of Hops.

Statistics of Production The Hop Trade Index.

Timber and Wood Waste.

TIMBER : A Comprehensive Study of Wood in all its Aspects
(Commercial and Botanical), showing the Different Applications and
Uses of Timber in Various Trades, etc. Translated from the French
of PAUL CHARPENTIER. Royal 8vo. 437 pp. 178 Illustrations. 1902.

Price 12s. 6d.
;

India and Colonies, 13s. 6d.
; Other Countries, 15s.

;

net.

Contents.
Physical and Chemical Properties of Timber Composition of the Vegetable Bodies

Chief Elements M. Fremy's Researches Elementary Organs of Plants and especially of
Forests Different Parts of Wood Anatomically and Chemically Considered General Pro-

perties of Wood Description of the Different Kinds of Wood Principal Essences with
Caducous Leaves Coniferous Resinous Trees Division of the Useful Varieties of Timber
In the Different Countries of the Globe European Timber African Timber Asiatic
Timber American Timber Timber of Oceania Forests General Notes as to Forests ; their

Influence Opinions as to Sylviculture Improvement of Forests Unwooding and Rewooding
Preservation of Forests Exploitation of Forests Damage caused to Forests Different

Alterations The Preservation of Timber Generalities Causes and Progress of De-
terioration History of Different Proposed Processes Dessication Superficial Carbonisation
of Timber Processes by Immersion Generalities as to Antiseptics Employed Injection
Processes in Closed Vessels The Boucherie System, Based upon the Displacement of the

Sap Processes for Making Timber Uninflammable Applications of Timber Generalities

Working Timber Paving Timber for Mines Railway Traverses Accessory Products
<3ums Works of M. Fremy Resins Barks Tan Application of Cork The Application of
Wood to Art and Dyeing Different Applications of Wood Hard Wood Distillation of
Wood Pyroligneous Acid Oil of Wood Distillation of Resins Index.

THE UTILISATION OF WOOD WASTE. Translated from
the German of ERNST HUBBARD. Crown 8vo. 192 pp. 1902. Fifty
Illustrations. Price 5s.

;
India and Colonies, 5s. 6d.

;
Other Countries,

6s.; net.

Contents.
General Remarks on the Utilisation of Sawdust Employment of Sawdust as Fuel,

with and without Simultaneous Recovery of Charcoal and the Products of Distillation

Manufacture of Oxalic Acid from Sawdust Process with Soda Lye ; Thorn's Process ;

Bohlig's Process Manufacture of Spirit (Ethyl Alcohol) from Wood Waste Patent Dyes
(Organic Sulphides, Sulphur Dyes, or Mercapto Dyes) Artificial Wood and Plastic Com-
positions from Sawdust Production of Artificial Wood Compositions for Moulded De-
corations Employment of Sawdust for Blasting Powders and Gunpowders Employment
of Sawdust for Briquettes Employment of Sawdust in the Ceramic Industry and as an
Addition to Mortar Manufacture of Paper Pulp from Wood Casks Various Applications
of Sawdust and Wood Refuse Calcium Carbide Manure Wood Mosaic Plaques Bottle

Stoppers Parquetry Fire-lighters Carborundum The Production of Wood Wool Bark
Index.
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Building and Architecture.
THE PREVENTION OF DAMPNESS IN BUILDINGS ;

with Remarks on the Causes, Nature and Effects of Saline, Efflores-

cences and Dry-rot, for Architects, Builders, Overseers, Plasterers,
Painters and House Owners. By ADOLF WILHELM KEIM. Translated
from the German of the second revised Edition by M. J. SALTER, F.I.C.,
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo.
115 pp. 1902. Price 5s.

;
India and Colonies, 5s. 6d. ;

Other Countries,
6s.; net.

Contents.
The Various Causes of Dampness and Decay of the Masonry of Buildings, and the

Structural and Hygienic Evils of the Same Precautionary Measures during Building against
Dampness and Efflorescence Methods of Remedying Dampness and Efflorescences in the
Walls of Old Buildings The Artificial Drying of New Houses, as well as Old Damp Dwellings,
and the Theory of the Hardening of Mortar New, Certain and Permanently Efficient
Methods for Drying Old Damp Walls and Dwellings The Cause and Origin of Dry-rot : its

Injurious Effect on Health, its Destructive Action on Buildings, and its Successful Repres-
sion Methods of Preventing Dry-rot to be Adopted During Construction Old Methods
of Preventing Dry-rot Recent and More Efficient Remedies for Dry-rot Index.

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI-
TECTURE AND BUILDING, AND THEIR ALLIED
TRADES AND SUBJECTS. By AUGUSTINE C. PASSMORE.
Demy 8vo. 380 pp. 1904. Price 7s. 6d.

;
India and Colonies, 8s.

;

Other Countries, 8s. 6d.
; strictly net.

Foods and Sweetmeats.
THE MANUFACTURE OF PRESERVED FOODS AND

SWEETMEATS. By A. HAUSNER. With Twenty-eight
Illustrations. Translated from the German of the third enlarged
Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d.

;
India and

Colonies, 8s. ; Other Countries, 8s. 6d.
; net.

Contents.
The Manufacture of Conserves Introduction The Causes oftthe Putrefaction of Food
The Chemical Composition of Foods The Products of Decomposition The Causes of Fer-

mentation and Putrefaction Preservative Bodies The Various Methods of Preserving Food
The Preservation of Animal Food Preserving Meat by Means of Ice The Preservation

of Meat by Charcoal Preservation of Meat by Drying The Preservation of Meat by the
Exclusion of Air The Appert Method Preserving Flesh by Smoking Quick Smoking Pre-

serving Meat with Salt Quick Salting by Air Pressure Quick Salting by Liquid Pressure

Gamgee's Method of Preserving Meat The Preservation of Eggs Preservation of White
and Yolk of Egg Milk Preservation Condensed Milk The Preservation of Fat Manu-
facture of Soup Tablets Meat Biscuits Extract of Beef The Preservation of Vegetable
Foods in General Compressing Vegetables Preservation of Vegetables by Appert's Method
The Preservation of Fruit Preservation of Fruit by Storage The Preservation of Fruit

by Drying Drying Fruit by Artificial Heat Roasting Fruit The Preservation of Fruit with

Sugar Boiled Preserved Fruit The Preservation of Fruit in Spirit, Acetic Acid or Glycerine
Preservation of Fruit without Boiling Jam Manufacture The Manufacture of Fruit

Jellies The Making of Gelatine Jellies The Manufacture of " Sulzen " The Preservation of
Fermented Beverages The Manufacture of Candies Introduction The Manufacture of
Candied Fruit The Manufacture of Boiled Sugar and Caramel The Candying of Fruit

Caramelised Fruit The Manufacture of Sugar Sticks, or Barley Sugar Bonbon Making
Fruit Drops The Manufacture of Dragees The Machinery and Appliances used in Candy
Manufacture Dyeing Candies and Bonbons Essential Oils used in Candy Making Fruit
Essences The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges
Recipes for Jams and Jellies Recipes for Bonbon Making Drag^ea Appendix Index.
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Dyeing Fancy Goods.
THE ART OP DYEING AND STAINING MARBLE,

ARTIFICIAL STONE, BONE, HORN, IVORY AND
WOOD, AND OF IMITATING ALL SORTS OF
WOOD. A Practical Handbook for the Use of Joiners,
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers,
Comb Makers, etc. Translated from the German of D. H. SOXHLET,
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s.

; India and
Colonies, 5s. 6d.

;
Other Countries, 6s.

;
net.

Contents.
Mordants and Stains Natural Dyes Artificial Pigments Coal Tar Dyes Staining

Marble and Artificial Stone Dyeing, Bleaching and Imitation of Bone, Horn and Ivory
Imitation of Tortoiseshell for Combs : Yellows, Dyeing Nuts Jvory Wood Dyeing Imitation
of Mahogany : Dark Walnut, Oak, Birch-Bark, Elder-Marquetry, Walnut, Walnut-Marquetry,
Mahogany, Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear
Tree Black Dyeing Processes with Penetrating Colours Varnishes and Polishes: English
Furniture Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for

Preserving Furniture Index.

Lithography, Printing and
Engraving.

PRACTICAL LITHOGRAPHY. By ALFRED SEYMOUR.
Demy 8vo. With Frontispiece and 33 Illus. 120 pp. 1903. Price
5s. ; Colonies, 5s. 6d. ;

Other Countries, 6s.
;
net.

Contents.
Stones Transfer Inks Transfer Papers Transfer Printing Litho Press Press Work-

Machine Printing Colour Printing Substitutes for Lithographic Stones Tin Plate Printing
and Decoration Photo-Lithography.

PRINTERS' AND STATIONERS' READY RECKONER
AND COMPENDIUM. Compiled by VICTOR GRAHAM.
Crown 8vo. 112 pp. 1904. Price 3s. 6d.

;
India and Colonies, 4s.;

Other Countries, 4s. 6d.
; strictly net, post free.

Contents.
Price of Paper per Sheet, Quire, Ream and Lb. Cost of 100 to 1000 Sheets at various

Sizes and Prices per Ream Cost of Cards Quantity Table Sizes and Weights of Paper,
Cards, etc. Notes on Account Books Discount Tables Sizes of spaces Leads to a Ib.

Dictionary Measure for Bookwork Correcting Proofs, etc.

ENGRAVING FOR ILLUSTRATION. HISTORICAL
AND PRACTICAL NOTES. By J. KIRKBRIDE. 72 pp.
Two Plates and 6 Illustrations. Crown 8vo. 1903. Price 2s. 6d.

;

Abroad, 3s. ; strictly net.

Contents.
Its Inception Wood Engraving Metal Engraving Engraving in England Etching

Mezzotint Photo-Process Engraving The Engraver's Task Appreciative Criticism
Index.

Bookbinding.
PRACTICAL BOOKBINDING. By PAUL ADAM. Translated

from the German. Crown 8vo. 180pp. 127 Illustrations. 1903. Price

5s. ; Colonies, 5s. 6d. ; Other Countries, 6s. ;
net.

Contents.
Materials for Sewing and Pasting Materials for Covering the Book Materials for

Decorating and Finishing Tools General Preparatory Work Sewing Forwarding,
Cutting, Rounding and Backing Forwarding, Decoration of Edges and Headbanding-
Boarding Preparing the Cover Work with the Blocking Press Treatment of Sewn Books,

Fastening in Covers, and Finishing Off Handtooling and Other Decoration Account Books
School Books, Mounting Maps, Drawings, etc. Index.
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Sugar Refining.
THE TECHNOLOGY OP SUGAR: Practical Treatise on

the Modern Methods of Manufacture of Sugar from the Sugar Cane and
Sugar Beet. By JOHN GEDDES MC!NTOSH. Demy 8vo. 83 Illus-

trations. 420pp. Seventy-six Tables. 1903. Price 10s. 6d.
; Colonies,

lls.
;
Other Countries, 12s.

;
net.

(See "Evaporating, Condensing, etc., Apparatus" p. 27.)
Contents.

Chemistry of Sucrose, Lactose, Maltose, Glucose, Invert Sugar, etc. Purchase and
Analysis of Beets Treatment of Beets Diffusion Filtration Concentration Evaporation
Sugar Cane : Cultivation Milling Diffusion Sugar Refining Analysis of Raw Sugars
Chemistry of Molasses, etc.

Bibliography.
CLASSIFIED GUIDE TO TECHNICAL AND COM-

MERCIAL BOOKS. Compiled by EDGAR GREENWOOD.
Demy 8vo. 224 pp. 1904. Being a Subject-list of the Principal
British and American Books in print ; giving Title, Author, Size, Date,
Publisher and Price. Price 7s. 6d.

;
India and Colonies, 8s.

; Other
Countries, 8s. 6d.

; strictly net, post free.

Contents.
1. Agriculture and Farming Agricultural Chemistry Bee-keeping Cattle, Pigs, Sheep
Dairy and Dairy Work Feeding Animals Forestry Fruit Growing Irrigation Manures
Poultry Farming. 2. Air, Aerial Navigation. 3. Architecture and Building. 4. Art
Lettering Modelling Ornament Painting Perspective. 5. Arts and Crafts, Amateur

Work. 6. Auction Sales. 7. Banking. 8. Book and Newspaper Production, Paper-
making, Printing Bookbinding Bookselling Copyright Journalism Lithography
Paper-making Printing, Typography Process Work Stationery. 9. Brewing and Dis-
tilling. 10. Cabinet^making. 11. Calculators, Ready Reckoners, Discount Tables.
12. Carpentry and Joinery. 13. Chemicals, Chemistry. 14. Coachbuilding. 15.

Commerce, Business. 16. Dams, Docks, Harbours. 17. Dogs. 18. Domestic Eco-
nomy Cookery Dressmaking Laundry Millinery. 19. Electricity Alternating Currents
Dynamos Electric Heating Electric Lighting Electric Traction Telegraphy Tele-

phonesWireless Telegraphy. 20. Elocution, Voice Production. 21. Engineering and
Metal Work Architectural Engineering Blacksmithing Boilers Bridges Civil Engineer-
ing Fuel, Smoke Galvanising, Tinning Gas, Oil and Air Engines Hardware Hydraulic
Engineering Indicators Injectors Iron and Steel Ironfounding Lathes, Tools Loco-
motives Machine Construction and Design -Marine Engineering Mechanical Engineering
Metal Work Pattern Making Pipes Power Transmission Pumps -Refrigeration Saw
Filing Screw Cutting Steam Engine Strains and Stresses Turbines. 22. Factories and
Workshops. 23. Financial Investments Stockbroking. 24. Foods and Beverages-
Adulteration and Analysis Bread Cakes Fish Flour, Grain Food and Drug Acts Tea.
25. Foreign Exchange Tables, Metric System. 26. Foreign Languages. 27. Gardening,
Flowers. 28. Gas Acetylene Gas Fitting Gas Lighting and Supply. 29. Glass. 30.

Glues, Inks, Pastes. 31. Horses. 32. Hospitals, Nursing. 33. House Decoration.
34. Hygiene, Public Health Bacteriology Hygiene Public Health- Sanitary Inspection
Sewage and Sewerage. 35. India-Rubber. 36. Insurance. 37. Jewellery, Silver and

Goldsmith's Work. 38. Land, Property. 39. Leather Trades. 40. Legal Arbitration

Bankruptcy Law Commercial Law Contract Law Solicitors Stamp Duties Trustee
Law Wills. 41. Metallurgy. 42. Military. 43. Mining, Quarrying. 44. Motor Cars
and Cycles. 45. Music. 6. Nautical, Navigation. 46a. Navy. 47. Oils, Fats. 48.

Optical, Microscopy, Instruments. 49. Paints, Colours, Varnishes. 50. Patents,
Trade Marks. 51. Photography. 52. Physics. 53. Physical Training. 54. Plumbing,
Heating, Ventilation. 55. Pottery, China, Bricks. 56. Public Meetings, Elections,
Taxes. 57. Railways and Tramways Construction of Railways Carriage and Wagon
Building Law of Railways Light Railways Management. 58. Rivers, Canals. 59. Roads,
Highways. 60. Shopkeeping, Ticket Writing. 61. Shorthand, Typewriting. 62.

Soaps, Candles. 63. Building, Co-operative and Friendly Societies. 64. Surveying.
65. Teaching, Education. 66. Telegraph Codes. 67. Textile Trades. 68. Timber.
69. Veterinary. 70. Watches, Clocks. 71. Water. Subject Index.
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